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COAL RESOURCE3 OF THE SUS 1TIiA LOWLAND, ALASKA 

b  Y 
Roy D. F e r r i t t  

I 

T h e  S u s i t n a  l o w l ~ l ~ a  o f  s o u t h c e n t r a l  Al.aska c o n t a i n s  m a j o r  r e s e r v e s  of 
s u b b i t u r n i ~ i o u s  and l i g n i t c  c o a l s  w i t l i i n  t h e  Kenai  Group of l c r t i a r y  a g e ;  t h e s e  
r e s e r v e s  o c c u r  m a i n l y  i n  t h e  Tyonek Format iorL.  The S u s i t n a  l owland  c o n t a i n s  
tile second  l a r g e s t  c o a l - r c s o u r c e  b a s e  i n  A l a s k a ,  s u r p a s s e d  o ~ l y  by t h e  n o r t h -  
e r n  A l ~ s k a  d e p o s i t s .  I l s t i n ~ a t e s  o f  r e s o u r c e s  and r e s e r v e s  v a r y  w i d e l y ,  b u t  
t o t a l  ni ici tble  r e s e r x r e s  a r e  u n d o u b t e d l y  s e v e r a l  b i l l i o n  t o n s .  Most of  t h e  
known r e s o u r c e s  o c c u r  i r ~  a c r e s c e n t - s h a p e d  b e l t  a l o n g  w e s t e r n  and s o u t h e r r ,  
marg ins  of t l ~ e  S u s i  t ~ i a  l owland .  

K c i ~ a i  Group c o a l s  formccl i n  pa l eoen l r l ronmen t s  a s s o c i a t e d  bi t11 c o n t i n e n t a l  
f l u v l a l  d e p o s i t i o n a l  s y s t e m s .  Rapid l a t e r a l  a n d  v e r t i c a l  c h a n g e s  i n  l i t l ~ o l o g y  
o f t e n  make c o r r e l a t i o n  of  c o a l  beds  d i f f i c u l t ,  even  o v e r  distances of  1 , 0 0 0  m.  
P e t r c ) l o g i c  s t u d i e s  i n d i c a t e  t h a t  most  of t h e  S u s i t n a  l owland  c o a l s  o r i g i n a t e d  
i n  f o r e ~ t - m o o r  e n v i r o n m e n t s  d u r i n g  a  f a i x l y  t e m p e r a t e  (warm and m o i s t )  c l i m a -  
t i c  p e r i o d .  I ' e a t - t o r n l i ~ ~ g  e p i s o 6 ~ s  t h a t  o c c u r r e d  d u r i n g  l u l l s  i n  r e g i o n a l  t e c -  
to111c a c t i v i t y  were  i n t e r r u p t e d  by t h e  r e j u v e n a t i o n  of  a d j a c e ~ t  h i g h l a n d s  of 
low t o  m o a e r a t e  r e l i e f  ;:ntl t h e  s h e d d i n g  of c l a s t i c  sediment:;  i n t o  hackswamps. 

S u s i t n a  l owland  c o a l s  a r e  compar , ib le  I n  o v e r a l l  q u a l i t y  w i t h  t h o s e  o f  t h e  
Powder R ivc r  bas111 o f  t l ~ e  w e s t e r n  TJni ted S t a t e s .  The s u l f u r  c o n t e n t  of  S u s i t -  
na l owland  c u a l s  i s  e x t r e m e l y  low,  = 0 . 3  p e r c e n t ,  a n i  a s h  c o n t e n t  i s  v a r i a b l e  
b u t  a v e r a g e s  a b o u t  15 p e r c e n t ;  rnean h e a t i n g  v a l u e  i s  a b o u t  8 , 2 0 0  B t u / l b  ( a l l  
on a s - r e c e i v e d  b a s i s ) .  C o n c e n t r a t i o n s  ~f t r a c e  e l e m e n t s  t h a t  c c u l a  v o l a t i l i z e  
d u r i n g  combus t ion ,  s u c l ~  a s  m e r c u r y ,  s ~ l t i m o n y ,  u ran ium,  and t h o r i u m ,  a r e  r e l a -  
t i v e l y  l ow,  b u t  sodiuin,  vanadium, and ba r ium somet imes  o c c u r  a t  h i g h e r  l e v e l s .  

Coal  o v e r b u r d e n s  o f  t h e  r e ~ i o n  a r e  a l s o  low i n  p y r F t e  and s u l f u r  ( < 0 . 5  
p e r c e n t ) ;  a s  w i t h  t h e  c o a l s ,  s u i f u r  o c c u r s  m e i r ~ l y  i n  t h e  o r g a n i c  s p e c i e s .  
I l i n o r  q u a n t i t i e s  of  f r a m l ~ o i d a l  p y r i t e ,  p r e s e n t  a s  p y r i t i c  s u l f u r ,  we re  docu- 
mented i n  c e r t a i n  o v e r b u r d e n  samples .  Some o v e r b u r d e n  samples  had  r e l a t i v e l y  
h i g h  p e r c e n t a g e s  o f  t h e  t r a c e  e l e m e n t s  bo ron ,  l e a d ,  z i n c ,  molybdenum, n i c k e l ,  
c o b a l t ,  and cadmium. However, t h e  s e r i o u s  a c i d  c o n d j t i o n s  commonly a s s o c i a t e d  
w i t h  e a s t e r n  and r i d w e s t e r 1 1  1I.S. c o a l  mines  and t h e  h i g h  l e v e l s  of  s o l u b l e  
s a l t s  and a d s o r b e d  sodium i n  w e s t e r n  U.S. c o a l f i e l d s  a r e  n o t  l i k e l y  t o  b e  
s i g n i f  i c a r ~ t  p rob lems .  

I . a l -ge-sca le  s u r f a c e  min ing  i n  t h e  S u s i t n a  l owland  w i l l  p r o b a b l y  b e g i n  
w i t h i n  t h e  n e x t  d e c a d e .  A t  t h a t  t i m e ,  m a t e r i a l  t e x t u r e s  i n  mine s p o i l s ,  
p ~ r t i c u l a r l ; .  c l a y s  and w e a t h e r e d  g l e y s ,  may become a  s i g n i i i c a ~ t  problem 
f o r  p r o p e r  d r a i n a g e  and r e v e g e t a t i o n  on c e r t a i n  t r a c t s .  Tn a d d i t i o n ,  s t r e a m  
s i i t z t i o n  may o c c u r  l o c a l l y ;  i n  a r e a s  o t  p e r c h e d  ground w a t e r  o r  s p r i n g s ,  
d e - w a t e r i n g  o t  t r e n c h e s  scd p i t s  w i l l  be n e c e s s a r y .  

I 
Fo rmer ly  of  DGGS, 3700 A i r p o r t  Way, F a i r b a n k s ,  A la ska  99709-4699. 



INTRODUCTION 

Government and i n d u s t r y  have  s p o r a d i c a l l y  investigates A l a s k a  c o a l s  s i n c e  
a b o u t  2900. Ln i fo rm r e s o u r c e  and r e s e r v e  f i g u r e s  and i n f o r m a t i o n  on g e o l o g y  
and e x t e n t  of most  o c c u r r e n c e s  a r e  s c a r c e ,  b u t  e x i s t i n g  e v i d e n c e  i n d i c a t e s  ex-  
t e n s i v e  c o a l  r e s o u r c e s  i n  A l a s k a .  I n  1979,  U.S. Depar tment  o f  Energy r e p o r t e d  
a  d e m o n s t r a t e d  A l z s k a n  c o a l - r e s e r v e  b a s e  o f  6 b i l l i o n  t o n s .  I n  c o n t r a s t  t o  t b . ~  
Cook I l l l e t  and t11e Kenai  P e n i n s u l a ,  which  h a v e  been  t x t e n s i v e l y  d r i l l e d  f o r  
o i l  and g a s  and i n ~ e n s e l y  s t u d i e d ,  t h e  s u b s u r f a c e  o f  t h e  S u s i t n a  l owland  i s  
r e l a t i v e l y  u n e x p l o r e d ,  and i t s  s t r u c t u r e  and s t r a t i g r a p h y  a r e  p o o r l y  unde r -  
s t o o d .  Estimates o f  t o t a l  c o a l  r e s o u r c e s - - i n f e r r e d  and h y p o t h e t i c a l - - h a v e  
v a r i e d  i r ~ m  2  t o  5 . 5  t r i l l i o n  t o n s  (McConkey and o t h e r s ,  1 9 7 7 ) .  

P e s p l t e  t h e s e  immense r e s o u r c e s ,  c o a l  p r o d u c t i o n  h a s  been  min ima l  b e c a u s e  
of  t h e  r c m o t e n e s s  o f  d e p o s i t s  and l a c k  o f  m a r k e t s .  Dur ing  t h e  e a r l y  p s r t  of 
t h i s  c e n t u r y  c o a l  W J S  p roduced  or1 a  s m a l l  s c a l e  f rom numerous s i t e s  Lor l o c a l  
u s e  and f o r  s h i p  f u e l ;  s u b s t a n t i a l  q u a n t i t i e s  were  produced  from t h e  Matanuska 
c o a l f i e l d  ( f i g .  1 )  f o r  t h e  Anchorage m a r k e t  u n t i l  n a t u r a l  g a s  f rom Cook I n l e t  
s u p p l a n t e d  i t  i n  1967 (Conwel l ,  1972b) .  C o a l  p r o d u c t i o n  i n  A l a s k a  i s  l i m i t e d  
now t o  t h e  U s i b e l l i  Mine,  wh ich  p roduced  a b o u t  1 .5  m i l l i o n  t o n s  f rom t h e  
Hosann,: C reek  f i e l d  o f  t h e  Nenaila b a s i n  i n  1986. 

The h i g h  c o s t  of p e t r o l e u m  f u e l s  and u n c e r t a i n t y  o f  s u p p l y  h a v e  c r e a t e d  
s t r o n g  i n t e r e s t  i n  A l a s k a ' s  c o a l  r e s o u r c e s  and t h e i r  f e a s i b i l i t y  f o r  l o c a l  
u s e ,  e x p o r t ,  and g e n e r a t i o n  of s y n t h e t i c  f u e l s .  A c c o r d i n g l y ,  DGGS i s  
i n v e s t i g a t i n g  and a s s e s s i n g  c o a l  r e s o u r c e s  of  t h e  s t a t e .  

The p u r p o s e s  of  t h e s e  i n v e s t i g a t i o n s  a r e  t o  a i d  i n  l a n d  c l a s s i f i c a t i o n  
and management, t o  f a c i l i t a t e  i s s u a n c e  of  c o a l - p r o s p e c t i n g  p e r m i t s  and  c o a l  
l e a s e s ,  t o  d e t e r m i n e  more a c c u r a t e l y  t h e  e x t e n t  of  c o a l  r e s e r v e s  ar.d t h e i r  
p o t e n t i a l  f o r  deve lopmen t ,  t o  a d d r e s s  numerous i n q u i r i e s  from i n d u s t r i e s  who 
a r e  i r ~ t r e r e s t e d  i n  dcve lop i r lg  t h e  r e s o u r c e s  and from P a c i f i c  R i m  c o u n t r i e s  
s e e k i n g  c o a l  s u p p l i e s ,  and t o  p r o v i d e  a  s i n g l e  i n f o r m a t i o n  s o u r c e  on c o a l  
d e p o s i t s  of  a n  a r e a .  

The f i r s t  r e g i o n  s e l e c t e d  f o r  s t u d y  i s  t h e  S u s i t n a  l o w l a n d ,  a  b road  
a r e a  d r a i n e d  by t h e  S u s i t n a  R i v e r  and  i t s  t r i b u t a r i e s .  Beds o f  s u b b i t u m i n o u s  
and  l i g n i t e  c o a l  exposed  a l o n g  m a j o r  d r a i n a g e s  o f  t h e  l owland  and s o u t h e r n  
f o o t h i l l s  o f  t h e  A la ska  Range i n d i c a t e  a b u n d a n t ,  r e l a t i v e l y  s h b l l o w ,  s u b s u r -  
f a c e  c o h l  d e p o s i t s .  E x p l o r a t o r y  d r i l l i n g  by l e a s e h o l d e r s  i n  t h e  s o u t h w e s t e r n  
S u s i t r l a  l owland  h a s  proved  m a j o r  c o a l  r e s e r v e s  s u i t a b l e  f o r  s u r f a c e  min ing .  
Ba rnes  (1966) e s t i m a t e d  t h e  c o a l  r e s o u r c e s  w i t h i n  t h e  Beluga--Yentila r e g i o n  a t  
2 . 4  b i l l i o n  t o n s  i n  beds  o v e r  0 . 7 5  nl t h i c k ;  o f  t h e s e  r e s o u r c e s ,  2 . 1  b i l l i o n  
t o n s  a r e  c o r i c e n t r a t e d  i n  t h e  Beluga  and C h u i t n a  R i v e r  b a s i n s .  

The s t r a t e g i c  l o c a t i o n  n e a r  t i d e w a t e r ,  t h e  t h i c k n e s s ,  e x t e n t  and q u a l i t y  
o f  t h e  nunlerous c o a l  seams,  and c h a r a c t e r i s t i c s  of  t h e  o v e r b u r d e n ,  t h e  i n t e r -  
b u r d e n ,  and t h e  s e a t r o c k  cumbine t o  make d e p o s i t s  of  t h e  S u s i t n n  lowland--and 
p a r t i c u l a r l y  t h c s e  i n  t h e  s o u t h e r n  a r e a - - t h e  most  e c o n o m i c a l l y  a t t r a c t i v e  f o r  
n e a r - t e r m ,  new-~nir:e deve lopment  i n  A l a s k a .  C o a l s  of  t h e  l l a t a n u s k a  f i e l d  w i l l  
u n d o u b t e d l y  be  wined anew i n  t h e  n e a r  f u t u r e ,  and t h c s e  c o u l d  be b l e n d e d  w i t h  
t h e  lower--Btu c o a l s  o f  t h e  S u s i t n a  l owland  t o  upg rade  t h e  p r o d u c t .  
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F'igure 1. L o c a t i o n  map of major  c o a l  b a s i n s  and i s o l a t e d  c o a l  o c c u r r e n c e s  i n  Alaska.  Modif ied  from 
Barnes ( 1 9 6 7 )  and Conwell (1977a) .  



The S u s i t n h  lowland  c o n t a i n s  s e v e r a l  c o a l f i e l d s ,  a l l  of wtlicl! a r e  of 
s i m i l a r  kgc and c h a r a c t e r .  Because  d i s c o n t i n u o u s  o u t c r o p s  and l a c k  ~f sub-  
s u r f a c e  d a t a  p r e c l u d e  C , e t a i l e d  s t u d y  f o r  most o f  t h e  l o w l a n d ,  t l l i s  s t u d y  w i l l  
f o c u s  on r e g i o n a l  b a s i n  a n a l y s i s .  

The S u s i t n a  l o v l a n d  was s e l e c t e d  f o r  t h r e e  r e a s o n s :  (1) i t  c o n t a i n s  t h e  
Capps and Chuitr ia  d i s t r i c t s  of  t h e  Beluga  c o a l f i e l d ,  which  have  t-he h i g h e s t  
p o t e n t i a l  f o r  n e a r - t e r m  l a r g e - s c a l e  p r o d u c t i o n  i n  A l a s k a ;  ( 2 )  errouph g e o l o g i c  
d a t a  e x i s t  t o  make t h e  p r e l i m i n a r y  c , .ompi la t ion  w i t h o u t  e x t e n s i v e  f i e l d  work;  
and (3)  t h e  s t a t e  h a s  r e c e i v e d  numerous a p p l i c a t i c n s  f o r  c o a l - p r o s p e c t i n g  
p e r n i t s  and n e e d s  i n f o r m a t i o n  on t h a t  ; r e a r s  c o a l  p o t e n t i a l .  

L o c a t i o n  and s e t t l e n ~ e n t s  

The e n t i r e  Cook I n l e t - S u s i t n a  l owland  T e r t i a r y  p r o v i n c e  ( W a h r h z f t i g ,  
1965)  is a b o u t  515 km l o n g  by 130 km wide .  The S u s i t n a  lowland encompasses  
a b o u t  13,000 km2 ( f i g .  2 ) .  Bounded by t h e  a r c u a t t  A l a s k a  Range on  t h e  n o r t h  
and w e s t ,  t h e  T d l k e e t n a  F o u n t a i n s  on t h e  e a s t ,  and Cook I n l e t  on t h e  s o u t h ,  
t h e  l owland  e x t e n d s  from t h e  Ma tanuska -Sus i tna  Borough i n t o  t h e  Kenai  Pen in -  
s u l a  borough ( f i g .  3 ) .  B e c ~ u s e  t h e  S u s i t n a  lowland i n c l u d e s  t h e  n o r t h e r n  F a r t  
o f  Cook I n l e t ,  some a u t h o r s  ( M i l l e r  and o t h e r s ,  1959) have  c o n s i d e r e d  i t  t h e  
n o r t h w e s t e r n  e x t e n s i o n  o f  t h e  Cook I n l e t  T e r t i a r y  b a s i n .  Ba rnes  (1966)  c a l l e d  
t h e  a r e a  t h e  Beluga-Yentna r e g i o n .  E l e v a t i o n  r a n g e s  from s e a  l e v e l  a t  Cook 
I n l e t  t o  a b o u t  300 m a t  t h e  n o r t h e r n  marg in .  I s o l a t e d  u p l a n d s  of  i n t r u s i v e  and 
p r e - T e r t i a r y  r o c k s  r i s e  t o  1 , 2 0 0  m above  s u r r o u n d i n g  l o w l a n d s .  

The C a s t l e  Mountain f a u l t ,  a  ma jo r  n o r t h e a s t - t r e n d i n g  d i s c o n t i n u i t y ,  
s e p a r a t e s  u p p e r  Cook l n l e t  on t h e  s o u t h  and t h e  S u s i t n a  l owland  on t h e  n o r t h .  
Most s t r a t i g r a p h i c  s t u d i e s  i n  t h e  Cook I n l e t  p e t r o l e u m  p r o v i n c e  term'  ~ 1 1 a t e  a t  
t h e  f a u l t ;  l ~ o w e v e r ,  i m p o r t a n t  c o a l  l e a s e s  i n  t h e  Beluga  i i e l d  l i e  on b o t h  
s i d e s  of  t h e  f a u l t  zone .  Work d u r i n g  tilt: p a s t  s e v e r a l  y e a r s  by l e a s e h o l d e r s  
i n  t h e  s o u t h w e s t e r n  p a r t  of t h e  lowland i n d i c a t e s  t h e  Beluga  c o a l f i e l d  con- 
t a i n s  t h r e e  s e p a r a t e  c o a l  d e p o s i t s :  Capps,  Chui tn i l ,  a n a  T t i r eemi l e  d i s t r i c t s .  

The u p p e r  Cook Tl l le t  r e g i o n ,  s i t e  o f  m e t r o p o l i t a n  Anchorage and n e a r b y  
s e t t l e n ~ e n t s  i n  t h e  Matanuska  V a l l e y  and Kenai  P e n i n s u l a ,  i s  t h e  most  d e n s e l y  
p o p u l a t e d  r e g i o n  i n  A l z s k a .  The s t a t e ' s  p r i n c i p a l  a g r i c u l t u r a l  r e g i o n  i s  
l o c a t e d  i n  l ower  Matanuska V a l l e y ,  and a d d i t i o n a l  l a n d s  a r e  b e i n g  r e a d i e d  f o r  
a g r i c u l t u r e  n e a r  MacKenzie P o i n t ,  a c r o s s  Krlik A r m  f rom Anchorage .  Except  f o r  
s m a l l  s e t t l e m e n t s  a l o n g  t h e  P a r k s  Highway and t h e  A l a s k a  R a i l r o a d ,  t h e  S u s i t n a  
lowland i s  e s s e n t i a l l y  u n i n h a b i t e d .  Summer a c t i v i t y  i n c l u d e s  p l a c e r  m i n i n g  i n  
t h e  P e t e r s v i l l e - C a c h e  Creek  a r e a  i n  t h e  n o r t h e r n  p a l t  o f  t h e  l owland  and 
d r i l l i n g  on t l i e  a c t i v e  c o a l  l e a s e s  i n  t h e  s o u t h w e s t e r n  l owland .  

Acces s  

The P a r k s  Highway arid t h e  A laska  R e i l r o a d  t r a l i s e c t  t h e  S ~ ~ s i t n a  l owlznd  
i n  a  n o r t h - s o u t h  d i r e c t i o r ,  r o u g h l y  p a r a l l e l i n g  t h e  S u s i t n a  R i v e r ,  c o n n e c t  t h e  
p o r t s  a t  Anchorage and Sewal-d w i t h  F a i r b a n k s  i n  t h e  i n t e r i o r ,  and p a s s  t h r o u g h  
t h e  S u s i t n a ,  Matanuskn,  and Broad P a s s  c o a l f i e l d s  ( f i g .  3 ) .  Because  o f  a c c e s -  
s i t L l i t y  t o  r a i l  and ocean  t r a n s p o r t a t i o n ,  t h e  S u s i t n a  lowland h a s  been  a  main 
c o a l - e x p l o r a t i o n  t a r g e t  of i n d v s t r y .  The P a r k s  Highway and a  16-kn-long e x t e n -  
s i o c  t o  T a l k e e t n a  a r e  t h e  main paved r o a d s  i n  t h e  a r e a .  A 50-km-long g r a v e l  



Figure  2.  Perspec t ive  block diagram showing g e n e r a l  l o c a t i o n  and physiographic  s e t t i n g  of t h e  S u s i t n a  
lowland. Elodified from Miller and Dobrovolny (1959).  Ver t j -ca l  exaggera t ion  about 4x. 



F i g u r e  3 .  Regiona l  i n d e x  map showing main geograpt l ic  f e a t u r e s ,  t r a n s p o r t a t i o n  
r o u t e s ,  and major  p o l i t i c a l  boundar ies  i n  s o u t h c e n t r a l  Alaska.  

road c o n n e c t s  t h e  p lacer-mining d i s t r i c t  on P e t e r s  and Cache Creeks  nor thwes t  
of  T a l k e e t n a  w i t h  t h e  P a r k s  Highway. Most of t h e  remaining lowland i s  a c c e s s -  
i b l e  o n l y  by a i r c r a f t  o r  r i v e r b o a t ;  h e l i c o p t e r s  a r e  g e n e r a l l y  used f o r  f i e l d  
i n v e s t i g a t i o n s .  S u r f a c e  c o n d i t i o n s  and env i ronmenta l  r e s t r i c t i o n s  l i m i t  t h e  
u s e  of o f f - road  v e h i c l e s .  A few p r i v a t e  l a n d i n g  s t r i p s  of v a r y i n g  q u a l i t y  
l i e  n e a r  some of  t h e  mining c l a i m s ,  b u t  p e r m i s s i o n  i s  r e q u i r e d  f o r  t h e i r  u s e .  
P u b l i c  f a c i l i t i e s  a r e  a v a i l a b l e  a t  T a l k e e t n a .  



The c l i m a t e  i n  t h e  S u s i t n n  l o w l a ~ l d  i s  l e s s  s e v e r e  t h a n  i n  t h e  i ~ t e r i o r ,  
t c t  heavy s n o v f a i l s  and s t r o n g  winds  a r e  n o t  unusun:! d u r i n g  w i n t e r .  Average 
a n n u a l  p r e c i p i t a t i o n  a t  T a l k e e t n a  i s  71 cm, a ~ c i  t h e  mean t e m p e r a t u r e  i s  a b o u t  
0°C: Anchorage I n t e r n a t i o n a l  A i r p o r t  a v e r a g e s  a r e  38 cm and 2 'C ,  r e s p e c t i v e l y  
(U.S. Depar tment  o f  Commerce, i 9 6 8 ) .  

F e r r i a n s  (1965) i n d i c a t e d  t h a t  t h e  l o w e r  a r e a s  of  t h e  s o u t h e r n  S u s i t n a  
lowland a r e  g e n e r a l l y  f r e e  of p e r m a f r o s t .  P e r m a f r o s t  o c c u r s  i n  i s o l a t e d  
masses  a t  i n t e r m e d i a t e  e l e v a t i o n s  al;d i s  d i s c o n t i n u o u s  i n  t h e  m o u n t a i n s .  

The t e r r a i n  o f  t h e  c c n t r a l  S u s i t n a  lowland i s  b r o a d ,  r e l a t i v e l y  f l a t  t o  
s l i g h t l y  i r r e g u l a r ,  ar,d i t i c r e a s e s  i n  r e l i e f  toward  t h e  f o o t h i l . 1 ~ .  Schnlo l l  and 
Yeh le  ( I . ? ? f j )  c l a s s i i 5 e d  t h e  physiographic and g e o l o g i c  f e a t u r e s  o f  t h e  Beluga  
a r e a  i n t o :  (I) h i g h  m o u n t a i n s  and f o o t h i l l s  of Mesozoic  and 1.ower T e r t i a r y  
~ e t a r n o r p h i c  and i g n e o u s  r o c k s ;  (2 )  an a d j a c e n t  p l a t e a u  u n d e r l a i n  p r i m a r i l y  
by T e r t i a r y  c o a l - b e a r i n g  r o c k s  wit11 a g e n e r a l . 1 ~  t h i n ,  d i s c o n t i n u o u s  c o v e r  of  
Q u a t e r n a r y - T e r t i a r y ( ? )  g l a c i a l  d e p o s i t s :  and (3)  l o w l a n d s  u n d e r l a i n  by t h i c k  
Quater r ia ry  d e p o s i t s - - 1 1 r i n c i p a l l . y  e s t u a r i n e  and f l u v i a l - - t h a t  a r e  s e p a r a t e d  
f rom t h e  p l a t e a u  by m a j o r  e s c a r p m e n t s .  

L a r g e  g l a c i e r s  a p p r o a c h  t h e  m a r g i n s  of  t h e  S u s i t n a  l o w l a n d .  Dur ing  
P1eis t :ocene  t h e ,  a t  l e a s t  f i v e  g l a c i a t . i o n s  a f f e c t e d  t h e  l owland  ( K a r l s t r o m ,  
1964;  K e l s o n  and Reed,  1 9 7 8 ) ;  e v i d e n c e  i n d i c a t e s  t h a t  i c e  f i l l e d  u p p e r  Cook 
I n l e t  t o  e l e v a t i o n s  of o v e r  i , 2 0 0  m ( K s r l s t r o m ,  1965) .  R e t r e a t i n g  g l a c i e r s  
f rom t h e  S u s i t n a  lowland l e f t  a l a n d s c a p e  dominated  by f l u t e d  m o r a i n e s ,  drum- 
l i n s ,  k e t t l e  l . akes ,  p o n d s ,  m a r s h e s ,  b o g s ,  and  s c o u r e d  b e d r o c k  ( K a r l s t r o r n ,  
1 9 6 5 ) .  P e r i g l a c i a l  a c t i v i t y  and mass movement c r e a t e d  v a l l e y  f e a t u r e s  of  
t a l u s  s l o p e s ,  l a n d s l i d e s ,  a v a l a n c h e  c h u t e s ,  and r o c k  g l a c i e r s .  F l u v i a l  and  
o t h e r  p r o c e s s e s  c o n t i n u e  t o  modi fy  t h e  f l o o r  o f  t h e  l o w l a n d .  

P r e v i o u s  work 

G e o l o g i c  i n v e s t i g a t i o n s  and r e p o r t s  o f  c o a l  i n  t h e  S u s i t n a  l owland  were  
made by t h e  U.S. G e o l o g i c a l  Su rvey  a s  e a r l y  a s  1900 ( B a r n e s ,  1 9 6 6 ) .  V a r i o u s  
f a c t o r s - - t h e  1957 d i s c o v e r y  of o i l  and g a s  i n  t h e  Cook I n l e t  b a s i n  a t  Swanscn 
R i v e r ,  a n  i n c r e e s c d  i n t e r e s t  i n  t h e  c o a l  arLd a g r i c u l t u r a l  p o t e r i t i a l  o f  t h e  
r e g i o n ,  l a n d  s e l e c t i o n s  u n d e r  t h e  A l a s k a  S t a t e h o o d  Act and t h e  A l a s k a  N a t i v e  
Cla ims  S e t t l e m e n t  A c t ,  and a t t e m p t s  t o  move t h e  s t a t e  c a p i t a l  t o  Willow--have 
r e s u l t e d  i n  numerous r e p o r t s  GI-I t h e  env i ronmen t  and r e s o u r c e s  of  t h e  r e g i o n ;  
many a r e  c i t e d  ir, t h : i s  r e p o r E .  The most  t ho rough  r e p o r t  p u b l i s h e d  on c o a l  i n  
t h e  S u s i t n a  lowland i s  by Ba rnes  ( 1 9 6 6 ) .  
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STRUCTURAL GEOLOGY AKD REGIONAL TECTOKISF! 

The S u s i t n a  l owland  i.s an  embaymeslt o r  e x t e n s i o n  of t h e  Cock I n l e t  b a c k  
a r c  b a s i n ,  o r  i n t e r m o n t a n e  h a l f  g r a b e n .  K e l l y  (1963)  conc luded  t h a t  t h e  1.01~- 
l a n d  i s  s e p a r a t e d  f rom t h e  Cock I n l e t  b a s i n  by a  p a r t i a l l y  b u r i e d  r i d g e  of  
g r a n i t i c  r o c k s .  The m a j o r  s y n c l i n a l  a x i s  of t h e  Cook I n i e t  b a s i n  b i f u r c a t e s  
n o r t h w a r d ;  cne  arm e x t e n d s  i n t o  t h e  Yentna  r e g i o n ,  t h e  o t h e r  n o r t h e a s t w a r d  
i n t o  t h e  Flatanuska V a l l e y .  These  p u l l - a p a r t  e x t e n s i o n z l  b a s i n s ,  o r  r i f t  
v a l l e y s ,  a r e  t y p i c a l l y  f i l l e d  w i t h  c o n t i n e n t a l  d e p o s i t s  and c h a r a c t e r i z e d  
by numerous d i s c o n t i n u o u s  c o a l  seams.  

Payne (1.955) r e c c g n i z e d  f i v e  a r c u a t e  Mesozoic  t e c t o n i c  e l e m e n t s  i n  s o u t h -  
c e n t r a l  A l a s k a :  (1) t h e  Chugach Moun ta ins  g e o s y n c l i n e ,  ( 2 j  t h e  S e l d o v i a  g e a n t -  
i c l i n e ,  (3) t h e  Matanuska g e o s y n c l i n e ,  ( 4 )  t h e  T a l k e c t n a  g e a n t i c l . i n e ,  and (5)  
t h e  A l a s k a  Range g e o s y n c l i n e  ( f i g .  4 ) .  Thc S h e l i k o f  T rough ,  which  i n c l u d e s  
t h e  Sus i . t na  l o w l a n a ,  i s  a  Cenozoic  s t r u c t u r e  supe r i c iposed  on t h e s e  f i v e  Meso- 
z o i c  f e a t u r e s .  Dur ing  w i d e s p r e a d  orogeny a t  t h e  end of t h e  C r e t a c e o u s  P e r i o d ,  
t h e  T a l k e e t n a  Mounta ins  r e s t r i c t e d  p a r t  o f  t h e  Matanuska g e o s y c . c l i n e  and 
became the. e a s t e r n  boundary  o f  Shel.l.kof Trough ( G a t e s  and Gryc ,  1 9 6 3 ) .  

Accord ing  t o  H a c k e t t  ( 1976a ,  1 9 7 7 ) ,  T e r t i a r y  b a s i n s  o f  t h e  u p p e r  Cook 
I n l e t  r e g i o n  r e p r e s e n t  a  s y s t e m  of  t i l t e d  t i o r s t s  and g r a b e n s  p roduced  by ex-  
t ens ions .1  f r a g m e n t a t i o n  of  a  p r e - T e r t i a r y  basement  ( f i g .  5 ) .  He p o s t u l a t e d  
t h a t  s u b s t a n t i a l  t r a n s l a t i o n a l  and r o t a t i o n a l  b l o c k  movements o c c u r r e d  i n  
s o u t h c e n t r a l  A l a s k ~  d u r i n g  L a t e  C r e t a c e c u s  and e a r l y  T r r t i a r y  t i m e ,  c a u s e d  
by a  change  f rom norma l  t o  o b l i q u e  s u b d u c t i o n  be tween m a j o r  p l a t e s  ( lY76a ) .  
Con t inued  o b l i q u e  r i f t i n g  d u r i n g  m i d d l e  t o  l a t e  T e r t i a r y  t i m e  f u r t h e r  accen -  
t u a t e d  t h e s e  b a s i n s .  Haclcet t  (1977) r e c o g n i z e d  s e v e r a l  s u b b a s i n s  w i t h i n  t h e  
r eg io r i  and i n t e r p r e t e d  t h e  Cook i n l e t ,  Be luga ,  and Yentna b a s i n s  a s  rhombo- 
c h a m s ;  t h a t  i s ,  p n r a l l e l - s i d e d  gaps  i n  t h e  c r u s t  caused  by d i l a t i o n  ( f i g .  6 ) .  
I n  d e x t r a l  rhonbochasms,  t h e  c r u s t a l  b l o c k s  a r e  movcd a p a r t  w i t h  a  r i g h t - h a n d  
l a t e r a l  component .  H a c k e t t  I n t e r p r e t e d  t h e  S u s i t n z .  b a s i n  and t l l c  Phtanus l ra  
V a l l e y  a s  sphencchasms ,  o r  t r i a n g u l a r  g z p s  s e p a r a t i ~ ~ g  two c r u s t z l  b l o c k s  v i t h  
f a u l t  rriargins t h a t  conve rge  t o  s p o i n t .  Carey  (1958) concl-uded t h a t  a spheno- 
chasm o r i g i n a t e s  f rom r o t a t i o n  of  one  of  t h e  b l o c k s .  



F i g u r e  4.  Major t e c t o n i c  e lements  t h a t  o u t l i n e  t h e  g e o l o g i c  s e t t i n g  of 
s o u t h c e n t r a l  Alaska.  Modified from Payne (1955);  Hacket t  (1976a).  

I n  H a c k e t t ' s  (1977) s imple  Bouguer g r a v i t y  map of t h e  s o u t h e r n  S u s i t n a  
lowland ( f i g .  7 ) ,  g r a v i t y  h i g h s  c o r r e l a t e  w i t h  exposures  of p r e - T e r t i a r y  base- 
ment r o c k s ,  and g r a v i t y  lows i n d i c a t e  a r e a s  u n d e r l a i n  by T e r t i a r y  sediments .  
R e l i e f  on t h e  p r e - T e r t i a r y  basement s u r f a c e  g e n e r a t e s  t h e  l a r g e r  anomal ies  



Sus~tna  bas~n 

+ 5 0 0 0 '  t 5 0 0 0  

MS L MSL - 
L "- - 
C 

5000 '  5 0 0 0 '  
m 
01 - 
W 

10 .000 '  1 0  0 0 0 '  

1 5 . 0 0 0 '  1 5 . 0 0 0 '  

V e r t ~ c a l  exaggeratlon 5 X  

LOCATION OF STRUCTURE SECTIONS 

152' 150' 

Beluga e Cook 
I 

g b a s ~ n  rr: 

Beluga basin k $ Cook Inlet 
3 basin 

+ 3 0 0 0 '  

MS L 

-5000 '  

10 .000 '  

15 ,000 '  60° - 
Verttcal exaggeration 5 X  B E N D  I N  S E C T I O N  152' 150' 

F i g u r e  5. S t r u c t u r e  s e c t i o n s  based on g e o p h y s i c a l  p r o f i l e s  a c r o s s  t h e  Beluga 
b a s i n  and a d j a c e n t  a r e a s .  From Hacke t t  ( 1 9 7 7 ) .  

o v e r  t h e  lowland.  The Beluga,  S u s i t n a ,  and Yentna b a s i n s  a r e  c h a r a c t e r i z e d  by 
s t e e p  g r a v i t y  g r a d i e n t s  and low Bouguer anomal ies  which i n d i c a t e  t h e  p r e s e n c e  
of l a r g e  basement d i s c o n t i n u i t i e s  where deep t e c t o n i c  b a s i n s  form. The reg ion-  
a l  g r a v i t y  g r a d i e n t  o v e r  t h e  upper  Cook I n l e t  r e g i o n  i n f e r s  a  g r a d u a l  westward 
t h i c k e n i n g  of t h e  e a r t h ' s  c r u s t  (Barnes ,  1966;  H a c k e t t ,  1 9 7 7 ) .  The C a s t l e  
Mountain f a u l t  bends o r  s p l a y s  i n t o  t h e  Bru in  Bay f a u l t  zone s o u t h  of t h e  Lake 
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F i g u r e  6.  Major T e r t i a r y  b a s i n s  o f  t h e  Cook I n l e t - S u s i t n a  lowland.  
From Hackett  ( 1 9 7 7 ) .  
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F i g u r e  7 .  Simple Bouguer g r a v i t y  map of t h e  Beluga b a s i n  and a d j a c e n t  a r e a .  
From Hacke t t  (1977) .  

C l a r k  f a u l t  ( f i g .  8 ) ;  i t  i s  thought  n o t  t o  c o n t i n u e  west-southwest  i n t o  t h e  
Lake C l a r k  f a u l t  a s  o r i g i n a l l y  i n f e r r e d .  The Beluga Mountain f a u l t  t r e n d s  
n o r t h w e s t  a l o n g  t h e  Beluga Mountain-Mount S u s i t n a  f r o n t  and S u s i t n a  lowland 
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F i g u r e  8. Major  f a u l t  s y s t e m s  i n  t h e  S h e l i k o f  t r o u g h  w i t h  b a s i n  o u t l i n e s .  
Mod i f i ed  f rom H a c k e t t  (1976b) .  

boundary;  H a c k e t t  (1977) i n t e r p r e t e d  i t  a s  a  h i g h - a n g l e ,  60"-  t o  75 '-dipping,  
r e v e r s e  f a u l t  upthrown on t h e  s o u t h w e s t ,  w i t h  a v e r t i c a l  d i s p l a c e m e n t  of  o v e r  
3,000 m. The C a s t l e  Mounta in  f a u l t ,  c l e a r l y  v i s i b l e  a s  a  s u r f a c e  l i n e a m e n t  
c r o s s i n g  t h e  S u s i t n a  F l a t s  ( K i r s c h n e r  and Lyon, 1973) ,  d i s p l a y s  d e x t r a l  s t r i k e -  
s l i p  movement o r  r i g h t - l a t e r a l  d r a g ,  a s  e v i d e n c e d  by o f f s e t  s t r e a m  d r a i n a g e s .  
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F i g u r e  9.  S t r u c t u r e  c o n t o u r s ,  c o a l  o u t c r o p s ,  and c o a l  l e a s e  a r e a s ,  Chu i tna  
d i s t r i c t ,  s o u t h e r n  S u s i t n a  lowland.  Modif ied  f r o &  Kamsey (1981b).  

These major  h igh-angle  r e v e r s e  f a u l t s  and s m a l l - s c a l e ,  h igh-ang le  b l o c k  
f a u l t s  w i t h i n  t h e  S u s i t n a  lowland d e f i n i t e l y  o f f s e t  t h e  c o a l  d e p o s i t s .  Most 
s t r a t i g r a p h i c  s t u d i e s  of  t h e  Covk I n l e t  pe t ro leum p r o v i n c e  end a t  t h e  C a s t l e  
Mountain f a u l t ;  however, i m p o r t a n t  c o a l  l e a s e s  i n  t h e  Beluga b e s i n  l i e  on bo th  
s i d e s  of t h e  f a u l t  zone.  The impact of such  f a u l t i n g  on mine development can 
v a r y ;  upthrown b l o c k s ,  such a s  i n  t h e  Chui tna  d i s t r i c t ,  p r o v i d e  f a v o r a b l e  con- 
d i t i o n s  f o r  e x t r a c t i o n  of c o a l  ( f i g .  9 ) ,  whereas  downthrown b l o c k s  1 .ocal ize  
c h a n n e l i n g ,  which l e a d s  t o  e r o s i o n  of  c o a l  seams. 

A major  s t r u c t u r a l  d i s c o n t i n u i t y  ( f i g .  10) c o n s i s t i n g  of t h e  Bru in  Bay 
f a u l t ,  t h e  Moquawkie magne t i c  c o n t a c t ,  and t h a t  p a r t  of t h e  C a s t l e  Mountain 
f a u l t  e a s t  of t h e  Theodore R i v e r ,  d i v i d e s  t h e  S u s i t n a  lowland i n t o  a  d e e p e r  
s o u t h e a s t e r n  segment,  which s u b s i d e d  more r a p i d l y  d u r i n g  accumula t ion  of t h e  
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Figu re  10. S t r u c t u r e  sec t ion  between C a p p s  G l a c i e r  and the  l o w e r  C h u i t n a  River. F r o m  
Wolfe and others  (1966) .  



Kenai Group, and a shallower northwestern segment. North of Castle Mountain 
fault, the Kenai Group is typically <600 m thick, whereas in the southern 
Susitna lowland it is commonly as thick as 3,000 m (Grantz and others, 1963b; 
Wolfe and others, 1966; Calderwood and Fackler, 1972; Hartman and others, 
1972). Figure 11 shows three generalized cross sections fiom western Susitna 
lowland areas. Major faults of the Cook Inlet region have controlled develop- 
ment and configuration of basin depocenters; these thick sedimentary sequences 
may also contain potential oil-and-gas resources (Hackett, 1976b; fig. 12). 

A. Fairview Mountain area 

C. Canyon Creek area 

EXPLANATION 

QUATERNARY Unoomolidated deposits; indudes Bheam deposits, glacial till, 
(Pliocene and Recent) outagah gravel, colluvium, and small areas of W i d e  debris 

TERTIARY 
IOligocene7. Miocene, 

and Pliocene?) Kenai F m t i o n ,  lower memba, interbedded 6md&ne, dtstone, 
daystone, and coal 

Undifferentiated mebdhmtary rocks; d n l y  interbedded 
alate and graywacke; m y  indude some dcanic  and intrusive 

Contact M e d  where appoxinntely located 

Figure 11. Generalized geologic cross sections of areas along western margin 
(Fairview Mountain, Johnson Creek, and Canyon Creek) of Susitna lowlands. 
From Barnes (1966). 
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F i g u r e  1 2 .  T e r t i a r y  a e p o c e n t e r s  and o i l ,  g a s ,  and c o a l f i e l d s  i n  t h e  
Cook I n l e t - S u s i t n a  lowland a r e a .  Modif ied  from H a c k e t t  (1976b) .  

- 1 7  - 



TERTIARY LITHOSTRATIGRAPHY 

C u r r e n t  s t r a t i g r a p h i c  n o m e n c l a t u r e  f o r  t h e  T e r t i a r y  c o a l - b e a r i n g  s t r a t a  
o f  t h e  S u s i t n a  lowland  was f i r s t  p roposed  by Calderwood and F a c k l e r  (1972) f o r  
t h e  Cook I n l e t  b a s i n .  Because  of  t h e  t h i c k n e s s  and c o m p l e x i t y  o f  t h e  T e r t i a r y  
s e d i m e n t a r y  s e q u e n c e ,  t h e y  changed t h e  'Kena i  F o r m a t i o n '  o r i g i n a l l y  a d o p t e d  by 
D a l l  and H a r r i s  (1892) t o  'Kena i  Group'  and r e c o g n i z e d  f i v e  d i s t i n c t  forma- 
t i o n s ,  f rom o l d e s t  t o  your lges t :  West F o r e l a n d ,  Hemlock Cong lomera t e ,  Tyonek, 
Be luga ,  and S t e r l i n g  ( f i g .  1 3 ) .  T h e i r  d i v i s i o n s  were  based  p a r t l y  on f i v e  
l i t h o l o g i c  zones  d i s t i n g u i s h e d  by K e l l y  (1963) f rom s u b s u r f a c e - w e l l  d a t a  i n  
t h e  c e n t r a l  Cook I n l e t  b a s i n :  

Zone 1 m a s s i v e  sand  b e d s  (5 ,000  f t  t h i c k )  
Zone 2  s a n d s t o n e ,  s h a l e ,  l i g n i t e  ( s e v e r a l  t housand  f t  t h i c k )  
Zone 3 s i l t s t o n e ,  s h a l e ,  low-rank c o a l  ( s e v e r a l  t housand  f t  t h i c k )  
Zone 4 s a n d s t o n e  and cong lomera t e  'Hemlock p r o d u c i n g  z o n e '  

(700 f t  t h i c k )  
Zone 5 s i l t s t o n e  and s h a l e  ( s e v e r a l  hundred  f t  t h i c k ) .  

O i l  o r  g a s  h a s  been  produced f rom a l l  f o r m a t i o n s  of  t h e  Kenai  Group 
(Calderwood and F a c k l e r ,  1972) ,  a l t h o u g h  most m a j o r  o i l  f i e l d s  of  t h e  Cook 
I n l e t  r e g i o n  p roduce  from t h e  Hemlock Conglomera te  (Magoon and C l a y p o o l ,  
1 9 8 1 ) ,  and p e t r o l e u m  e x p l o r a t i o n  i n  t h i s  r e g i o n  h a s  y i e l d e d  v a l u a b l e  
s t r a t i g r a p h i c  i n f o r m a t i o n .  

M a s s v e  s a n d s t o n e  a n d  

C l a y s t o n e ,  s i l t s t o n e ,  a n d  
t h i n  s a n d s t o n e  lheds, r h ~ n ,  
s u h b ~ t u m ~ n o u s  c o a l  b e d s  

C l a y s t o n e ,  s i l t s t o n e ,  a n d  
i h ~ n  s a n d s t o n e  beds ,  t h i n  

FOI mation s u b b ~ t o m ~ n o o s  c o a l s  Ibeds 

S a n d s t o n e ,  c l a y s t o n e ,  a n d  
s ~ l t s t o n e  i n t e r b e d s  a n d  
m a s s l v e  s u b b i t u m i n o u s  

Hemlock 
S a n d s t o n e  a n d  c o n g l o m e r a t e  

Conglomerate 

T ~ ~ f f a c e o o s  s l i t s t o n e  a n d  / We l t  Foreland I c l a y s l o n e ,  s r n t l e ~  ed  s a n d  

I I s t o n e  a n d  c o i i g l o n i e ~ a t e  

I I / r i ? s ! s  1 1 1 1 ~ o n l o ~ n a b l y  o n  o d r r  T e t l a y ,  
C r e t a c e o u s ,  ancl J~rrasscc r o c k s  I 

F i g u r e  13 .  G e n e r a l  s t r a t i g r a p h i c  
n o m e n c l a t u r e  f o r  t h e  T e r t i a r y  
Kenai  Group o f  s o u t h c e n t r a l  
A laska .  From Calderwood and 
F a c k l e r  (1972) .  



Magoon and o t h e r s  (1976) and Boss and o t h e r s  (1978) s e g r e p a t e d  t h e  West 
F o r e l a n d  Fo rma t ion  from t h e  Kenai  Group b e c a u s e  o f  t h e  m a j o r  u n c o n f o r n i r y  s e p -  
a r s t i n g  i t  f rom t h e  o v e r l y i n g  Hemlock Cong lomera t e .  They r e g a r d  t h e  Hemlock 
C o n g l o n c r a t e ,  n o t  t h e  B e s t  F o r e l a n d  F o r m a t i o n ,  a s  t h e  b a s a l  f o r n i a t i o n  of t h e  
ICenai Group.  Boss and o t h e r s  (1978) c o n s i d e r e d  t h e  Hemlock Ccng lomera t e  t o  
b e  a  member o f  t h e  Tyonck F o r m a t i o n ;  Magoon and o t h e r s  ( 1 9 7 6 )  i n c l u d e d  i t  w i t h  
t h e  Tyonelc Forniatj.on i n  t h e i r  r e g i o n a l  c o n ~ p i l a t i o n  (Schmol l  and o t h e r s ,  1 9 8 1 ) .  

Ba rnes  (1966) divi.cled t h e  'Kena i  F o r m a t i o n '  i n t o  l o w e r ,  m i d d l e ,  and u p p e r  
members; h i s  c o a l - . b e a r i n g  ~ i d d l e  member c o r l t a i n s  s a n d s t o n e ,  s i l t s t o n e ,  c l a y -  
s t o n e ;  and cong l .one ra t e ,  and  t h e  e n c l o s i n g  u p p e r  and  l o w e r  s t r a t i g r a p h i c  u n i t s  
c o n s i s t  p r e d ~ m i ~ a n t l y  of p e b b l y  s a n d s t o n e  and c o n g l o m e r a t e .  Magoon and o t h e r s  
( 1976) and Re-ed and K e l s o n  (1980) t ~ n t a t i v e 1 . y  c o r r e l a t e d  e q u i v a l . c n t  i o r m a t i o r ~ s  
betwecrl t h e i r  'ICenai Group'  and t h e  ' Icenai  F o r m a t i o n ,  ' b a s i n g  t h e i r  work OD. 
p a l e o b o t a n i c a l  a n d  p a l y n o l o g i c a l  s t u d i e s  of  Wolfe and o t h e r s  (la66) and on t h e  
s t r a t i g r a p h i c  s t u d i e s  of Calderwood and F a c k l e r  ( 1 9 7 2 ) .  I n  t a b l e  1  B a r n e s ' s  
c o r r e l a t i o n s  a r e  colnparecl w i t h  t h o s e  of Magoon and o t h e r s  and Recd and Ne l son .  

The IZenai Group r c p c s e n t s  e l a s t i c  f o r e - a r c - b a s i ~  d e p o s i t s  of  e a r l y  and 
l a t e  Cenozo ic  t e c t o n i c  c y c l e s  ( F i s h e r  and Magoon, 1970; Schmol l  2nd o t h e r s ,  
1 9 8 1 ) .  The r o c k s  a r e  c h a r a c t e r i s t i c  of  a  c o n t i n e n t a l  f l u v i a l  s y s t e m :  t h e y  ; r e  
n o n d e l t a i c ,  e x c e p t  f o r  l o c a l  1 . a c u s t r i n e  c i e l t a s ,  and  a.ppear  t o  be  p r o d u c t s  of 
a  meande r ing  f l u v i a l  reg ime ( p n r t i c u l a r i y  i n  t h e  Tyonek F o r m a t i o n ) .  L a t e r a l .  
m i g r a t i o n  produced  f  ining--upward s e q u e n c e s ,  and r a p i d  l a t e r a l  and v e r t i c a l  
changes  i n  l i t h o l o g : ~  a r e  common. Channel. d e p o s i t s  a r e  c h a r a c t e r i s t i c a l l y  
c o a r s e - g r a i n e d  s e d i m e n t ;  f i n e - g r a i n e d  r o o t e d  s i l - t s t o n e ,  s h z l e ,  and  t h i n  c o a l  
r e p r e s e n t  i n t e r f  l.uve s e d i m e n t s .  Levees  t h a t  f l an l c  c h a n n e l s  a r e  t y p i . c a l l y  
f i n e - g r a i n e d  s a n d s t o n e  and s i l t s t o r x .  S e d i m e n t a r y  s t r u c t u r e s  o t h e r  t h a n  
c r o s s - s t r a t i f i c a t i o n  i n  c o a r s e r  g r a i n e d  u n i t s  a r e  r a r e  on n a t u r a l  e x p o s u r e s .  

The c o a l s  and e r i c l o s i n g  s t r a t a  o f  t h e  S u s i t n a  l owland  a l s o  a r e  c h a r a c -  
t e r i s t i c  of f r e s h w a t e r  p a l e o e . r ~ v i r o n m e n t s .  These  s e d i o e n t a r y  s e q u e n c e s  c a n  b e  
d i f f e r e n t i a t e d  f rom m a r i n e  and b r a c k i s h - w a t e r  s y s t e m s  by t h e  f o l l o w i n g  p r i m a r y  
c h a r a c t e r i s t i c s :  

. m o d e r a t e  t o  h i g h  a s h  c o f i t e n t  i n  c o a l s - - r e p r e s e n t s  i n f l u x e s  of 
t e r r i g e n o u s  s i l t  ( a s h  typ i ca1 l . y  low i n  p y r i t e  and  c a r b o n a t e  
rn i r i c r a l s  and h i g h  i n  q u a r t z  a r d  k a o l i n i t e )  

. l o c a l l y  t h i c k  c o a l - s ,  b u t  d i s c o n t i n u o u s  l a t e r a l l y  . low s u l f u r  i n  c o a l s  and o v e r b u r d e n  

. l a c k  of  d i a g n o s t i c  m a r i n e  f o s s i l s - - - . a b s e n c e  of f a u n a l  e l e v e n t s  
and b u r r o ~ . r i n g  ( b i o g e n i c  s t r u c t u r e s ;  b i o t u r b a t i o n )  

. h i g h  sand-to-mud r a t i o s  of  a s s o c i a t e d  r o c k s  

. abundan t  o r g a n i c  m a t t e r  and p l a n t  d e t r i t u s  of  a s s o c i a t e d  r o c k s ;  
comrnon c o c l i f i e d  r o o t s  and i n - p i a c e  s tumps  

. r a r e  d a r k - g r a y  t o  b l a c k  c l . ays tone  

. f r e q u e r ~ t  r o o t e d ,  s l . i c k e n s i ~ e c 1 ,  r e f r a c t o r y  u n d e r c i a y s  

. i l l j - t i c - k a o l i n i t i c  c l a y  a s s o c i a t i o n s  

. s i d e r i t e  n o d u l e s  and bands  p r e s e n t  i n  c o a l s  ar,d a s s o c i a t e d  s t r a t a ,  
b u t  n o t  conlmcn o r  d i a g n o s t i c - - p r e s e n c e  r e f l e c ~ s  p o o r  d r a i n a g e .  

Te r t - i a ry  s e d i m e n t a r y  r o c k s  of t h e  S u s i t n a  lowlanc'  r:orth of  t h e  C a s t l e  
Mounta in  f a u l t  a r e  r e l a t i v e l y  t h i n - - t y p i c a l l y  600 I?. o r  l e s s ,  b u t  rc i th  t h r e e  
d e p o c e n t e r s  o v e r  1 , 5 0 0  m t h i c k  ( f i g ,  1L)--and t h e y  nonconformably  o v e r l i e  



Table 1. Tenta t ive  correlutions o f  geologic uni t s  

Barnes (1966) :  
Kenai Formation Member 

Magoon and others (1976) :  
Kenai Group Formation Area 

Tyonek Quadrangle 

1. South of Capps Glacier a .  Lower 
b .  Middle 
Lower 

a .  West Foreland 
b.  Tyoilek 
West Foreland 2. North of Lone Ridge 

3. Beluga River 
a.  North of Lake Clark fault 
b .  Between Lake Clark and 

Bruin Bay faults 
c. South of Bruin Bay fault 

4. Chuitna River between 
Lake Clark and Bruin Bay 
faults 

5. Tributaries of Nikolai Creek 
south of Lake Clark fault 

6 .  Threemile River-Lewis River 
area south of Little Mt. 
Susitna and north of Lake 
Clark fault 

7. Drill Creek and Coal Creek 
8. Talachulitna River; Friday and 

Saturday Creeks 
9 .  Canyon Creek 

10 .  Skwentna River northeast 
of Porcupine Butte 

11 .  Kahiltna River north of 
confluence with 
Yentna River 

a .  Lower 
b.  Middle 

a .  West Foreland 
b .  Tyonek 

c. Middle 
Middle 

c.  Beluga 
Tyonek 

Tyonek 

West Foreland 

Lower 

Lower 

Middle 
Middle 

Tyonek 
Tyonek 

Middle 
Middle 

Tyonek 
Tyonek 

Middle Tyonek 

Barnes (1966):  
Kenai Formation Member 

Reed and Nelson (1980):  
Kenai Group Formation Area 

Talkeetna Quadrangle 

1 2 .  Johnson Creek a .  Middle 
b .  Upper 
Upper 

a .  Sandstone Member of Tyonek 
b.  Sterling 
Sandstone Member of Tyonek or 

Sterling 
a .  Conglomerate Member of Tyonek 
13. Sterling 
Sandstone Member of Tyonek 

1 3 .  Kichatna River 

14.  Nalcochna River a .  Middle 
b .  Upper 
Middle 1 5 .  Yetllo Creek, Lake Creek, 

and Kahiltna River 
northwest of Shulin 
Lake 

16 .  Bear Creek east of Little 
Peters Hills 

1 7 .  Drainages southeast of Peters Hills 
18. Cache Creek 

Sandstone Member of Tyonek 

Middle 
Middle 

Sandstone Member of Tyonek 
Sandstone Member of Tyonek or 

Sterling 
Sterling 
Sterling 
Sterling 

1 9 .  Dollar Creek 
20. Long Creek-Cottonwood  reek 
21. Tributaries of Long Creek- 

Cottotlwood Creek north'west 
of Peters Hills and Willow, 
Poorman, Pass, and Divide 
Creeks 

22. Treasure Creek east of Chelatna 
Lake 

23. Fairview Mtn. and region south 
of Mt. Kliskon 

24. Cottonwood Creek 
25. Sunflower Creek 
26. Bluff Creek, southwest margin 

of Ruth Glacier 

Middle 
Middle 
Upper 

Upper Sterling 

Sterling Upper 

Middle 
Middle 
Upper 

Conglon~erate Member of Tyonek 
Sterling 
Conglomerate Member of Tyonek or  

Sterling 



Pre-Tertiary rocks 

Figure 14. Generalized isopach map of Tertiary deposits in the Cook Inlet- 
Susitna lowland area. Modified from Kirschner and Lyon (1973), Hartman 
and others (1972), and Hackett (1977). 



g r a n i t i c  rocks .  The Kenai Group r a n g e s  t o  o v e r  3 ,000  m t h i c k ,  b u t  i s  conimonly 
<1,500 m t h i c k  s o u t h  of t h e  C a s t l e  Mountain f a u l t  i n  t h e  s o u t h e r n  S u s i t n a  low- 
l a n d ;  i n  t h i s  r e g i o n ,  i t  u s u a l l y  o v e r l i e s  o l d e r  T e r t i a r y  and Mesozoic sediment-  
a r y  r o c k s .  I n  t h e  c e n t r a l  p a r t  of t h e  Cook I n l e t  b a s i n ,  t h e  group i s  more t h a n  
4,500 m t h i c k  (Ki r schner  and Lyon, 1973; Hartnian and o t h e r s ,  1974).  

Kenai Group sed iments  i n  t h e  S u s i t n a  lowland d e r i v e d  main ly  from p l u t o n i c  
and metamorphic s o u r c e s  i n  t h e  t e c t o n i c a l l y  a c t i v e  Alaska Range and T a l k e e t n a  
Mountains.  K i r s c h n e r  and I .yonls  (1973) n ~ o d e l  p o r t r a y s  a  broad in te rmontane  
t rough  c o n f i n e d  by b o r d e r l a n d s  of low t o  moderate  r e l i e f  d u r i n g  warn1 t o  temp- 
e r a t e  c l i m a t i c  c o n d i t i o n s  ( f i g .  15) .  They d i v i d r  d e p o s i t i o n  of  t h e  Kenai Group 
of t h e  Cook I n l e t  b a s i r ,  i n t o  t h r e e  phases  based on t h e  l i t h o l o g i c  and minera- 
l o g i c  c h a r a c t e r  of  t h e  sed iments :  (1) an Oligocene-Miocene t r a n s g r e s s i v e  phase ;  
( 2 )  a  b r i e f  l a t e  Miocene c u l m i n a t i o n  ( s t i l l s t a n d ) ;  and (3)  a  P l i o c e n e  r e g r e s s -  
i v e  phase .  The West Foreland Format ion,  Hemlock Conglomerate,  and lower  l'yocek 
Formation were d e p o s i t e d  i n  t h e  t r a n s g r e s s i v e  phase .  The l a t e  Pliocene culmina- 
t i o n  was c h a r a c t e r i z e a  by a  t r a n s i t i o n a l  p e r i o d  of low-energy s e d i m e n t a t i o n ,  
when t h e  s i l t s t o n e ,  carbonaceous  s h a l e ,  and c o a l  i n  t h e  upper  p a r t  of t h e  

F i g u r e  15. Pr imary e lements  of a  T e r t i a r y  model f o r  t h e  Cook 
I n l e t - S u s i t n a  lowland.  From K i r s c h n e r  and Lyon (1973) .  



Tyonek Forniation and t h e  lower  p a r t  of  t h e  Beluga Format ion were d e p o s i t e d .  
A l l  f a c t o r s  r e l a t e d  t o  c o a l  f o r m a t i o n ,  such  a s  p l a n t  growth,  b a s i n  s u b s i d e n c e ,  
sediment  s u p p l y ,  compact ion,  and i n t e r a c t i o n  of t h e  ground-water t a b l e ,  must 
have been f a v o r a b l e  a t  t h a t  t ime .  The upper  part :  of t h e  Beluga Format ion and 
t h e  S t e r l i n g  Formatjor, were d e p o s i t e d  d u r i n g  t h e  P l ioce rLc  r e g r e s s i v e  phase .  

Exposures o f  t h e  Kenai Group a r e  conf ined  t o  t h e  b a s i n  r i m  ( f o o t h i l l s  of  
t h e  Alaska Range) and i s o l a t e d ,  u s u a l l y  s t e e p  w a l l s  of i n c i s e d  and l a r g e l y  
i n a c c e s s i b l e  s t r e a m  canyons i n  t h e  lowlands .  Minor o u t c r o p s  of T e r t i a r y  rock  
a l s o  c c c u r  a l o n g  c o a s t a l  a r e a s  such  a s  Besh ta  Bay ( f i g .  16) .  T e r t i a r y  depos- 
i t s  a r e  u s u a l l y  o v e r l a i n  by P l e i s t o c e n e  g l a c i a l  d r i f t  o r  s t r e a m  a l l u v i u m  t h a t  
v e i l s  t h e  u n d e r l y i n g  m a t e r i a l .  The c o n t a c t  between T e r t i a r y  and Qua te rna ry  
d e p o s i t s  i s  o f t e n  obscured by deep w e a t h e r i n g  o r  b u r i e d .  Outcrops  of c o a l -  
b e a r i n g  d e p o s i t s  a r e  wide ly  d i s t r i b u t e d  bu t  d i s c o n t i n u o u s  and h i g h l y  weathered 
( s h e e t  1 and app. A ,  t a b l e s  A-1 through A - 3 ) ;  s p a t i a l  r e l a t i o n s h i p s  a r e  t h e r e -  
f o r e  d i f f i c u l t  t o  obse rve .  Without e s s e n t i a l  s u b s u r f a c e  c o n t r o l ,  h o r i z o n t a l  
m i g r a t i o n  of i n d i v i d u a l  f a c i e s  cannot  be documented. 

Logs a r e  a v a i l a b l e  from s e v e r a l  o i l  w e l l s  i n  t h e  s o u t h e r n  S u s i t n a  lc~wland 
n e a r  Cook 1111-et (Magoon and o t h e r s ,  1976) ,  and,  i n  t h e  c e n t r a l  S u s i t n a  lowland 
a  Union-Texas Pet roleum w e l l  (Pure  K a h i l t n a  R i v e r  S t a t e  I )  has  been d r i l l e d .  
Two d r i l l  h o l e s  p e n e t r a t e  c o a l - b e a r i n g  u n i t s  i n  t h e  Capps d i s t r i c t  (Chleborad 
and o t h e r s ,  1980, 1982) .  Core d a t a  from s e v e r a l  USBM d r i l l  h o l e s  i n  t h ~  Eeluga 
f i e l d  (War f ie ld ,  1962) and t h e  g r a v i t y  d a t a  of  Hacke t t  (1977; on t h e  s o u t h e r n  
S u s i t n a  lowland c o n s t i t u t e  t h e  remaining a v a i l a b l e  s u b s u r f a c e  d a t a .  

In a d d i t i o n  t o  t h e  Kenai Group, f i v e  T e r t i a r y  o r  Cre taceous  sed imenta ry  
f o r m a t i o n s  c r o p  o u t  i n  t h e  s o u t h e a s t e r n  p a r t  of  t h e  Sus i t l i a  lowland ( s h e e t  1; 
t a b l e  2 ) .  These format ior is  a r e  o l d e r  t h a n  t h o s e  of t h e  Kenai Group ( f i g .  l i ) ,  
excep t  f o r  t h e  Tsadaks  Format ion,  which i s  approx imate ly  t ime  e q u i v a l e n t  t o  

F i g u r e  16. Coal-bear ing T e r t i e r y  
sed imenta ry  r o c k s  (Beluga 
Format ion)  exposed a l o n g  a  
15-km o u t c r o p  a t  Beshta  Bay, 
Cook I n l e t .  Photograph by 
J . E .  S p e r b e r ,  1961. 



Table 2. S u m m a r y  o f  chief characteristics o f  Tertiary and Cretaceous sedimentary rock format ions  o f  t h e  Li t t le  Susitna 
district (southeastern Susitna Lowland)  and lower Matanuska Val ley  (mod i f i ed  f r o m  Clardy,  1978) .  

Stratigraphic Depositional 
Formation Age Thickness Lithology relationship environment 

Tsadaka Oligocene; Over 150  m in Crudely stratified, massive Overlies Wishbone and Sheet-flood debris 
time equiva- Tsadaka Canyon conglomerate; marginal Chickaloon Formations deposited on  allu- 
lent of low- conglomeratic facies of with a distinct angular vial fans 
est beds of Kenai Group unconformity in lower 
Kenai Group Matanuska Valley 

Wishbone Eocene 550-600 m Well-lithified conglom- Unconformably over- Fluvial environ- 
erates, sandstones, and lies Chickaloon Forma- ment; alluvial 
siltstones tion in Matanuska fans and associated 

Valley braided streams, 
perhaps meander- 
ing stream deposits 
in part 

Chickaloon Paleocene At least 1,500 m Well-indurated clay- Conformable with Fluvial, braided t o  
thick in stones, siltstones, overlying Wishbone meandering stream 
Matanuska sandstones, conglom- Formation south of environment in 
Valley erates, coal Willow Creek in lower part ; fluvial 

southwestern meandering t o  
Talkeetna Mountains paludal environ- 

ment in upper part 

Arkose Paleocene Unknown 
Ridge 

Coarse-grained clastics Nonconformably over- Local source, 
(arkosic conglomerates, lies plutonic rocks fanglomerate de- 
minor shales) along south flank of posit 

Talkeetna Mountains 
and overlies Talkeetna 
Formation t o  north- 
east 

Matanuska Early t o  Over 1,200 m Siltstones, sandstones, Underlies Tertiary Marine; sublit- 
Late Creta- thick at  type and cobble conglom- rocks with local dis- toral to  outer 
C ~ O U S  section in erates. conformity. bathyal o r  abys- 
(Albian t o  Matanuska sal deposition by 
Maestrich- Valley. density currents or 
tian). submarine slumps. 

t h e  lowest  beds of t h e  Kenai Group. The Chickaloon Formation i s  t h e  on ly  
coa l -bear ing  u n i t  i n  t h i s  a r e a .  

West Foreland Formation 

The West Fore land  Formation c rops  o u t  i n  t h e  s o u t h e r n  f c ~ t h i l l s  of t h e  
Alaska Range. Tn t h e  Beluga f i e l d ,  exposures  occur  nor thwes t  of t h e  Lake C l a r k  
and C a s t l e  Mountain f a u l t s .  I n  t h e  Capps d i s t r i c t ,  Adkison and o t h e r s  (1975) 
measured 630 m of West Foreland Formation s t r a t a  i n  exposed s e c t i o n s .  The t y p e  
s e c t i o n  f o r  t h e  West Foreland Formation i s  a d r i l l  h o l e  60 km s o u t h  of t h e  
Capps d i s t r i c t ;  a t  t h e  t y p e  l o c a l i t y ,  t h e  u n i t  i s  270 m t h i c k  (Ke l ly ,  1963) .  

The West Foreland Formation i s  t h e  l o n e  r e p r e s e n t a t i v e  of t h e  e a r l y  
Cenozoic t e c t o n i c  c y c l e .  It was d e p o s i t e d  on an  e r o s i o n a l  s u r f a c e  of Mesozoic 
and e a r l y  T e r t i a r y  rocks  and i s  composed of in te rbedded  s i l t s t o n e ,  t u f f a c e o u s  
c l a y s t o n e ,  graywacke, and poor ly  s o r t e d  p o l y m i c t i c  conglomerate  w i t h  a  few 
t h i n  l i g n i t i c  c o a l  beds  (Schmoll and o t h e r s ,  1981). 



F i g u r e  17 .  S u r f a c e  and s u b s u r f a c e  T e r t i a r x  s t r a t i g r a p h y  of f i v e  coa l -bear ing  r e g i o n s  i n  s o u t h c e n t r a l  
C Alaska.  From Wolfe and o t h e r s  (1966) ; Magoor. and o t h e r s  ( 1 9 7 6 1 ~ ;  Conwell and o t h e r s  (1982) . 
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Hemlock Conglomerate 

The Hemlock Conglomerate has been mapped northwest of the Castle Mountain 
fault (Detterman and others, 1976b); Magoon and others (1976) restrict it to 
the southeast side of the Bruin Ray fault. Calderwood and Fackler (1972) found 
it in the subsurface in the Beluga area. The unit is predominantly pebbly sand- 
atone and conglomerate with minor siltstone. The conglomerate contains white 
quartz and black chert clasts (Conwell and others, 1982). Thought to be early 
Oligocene and assigned to the Angoonian stage by Wolfe (1977), the Hemlock 
Conglomerate forms the basal unit of the late Cenozoic tectonic cycle in the 
refined classification of the Kenai Group (Ross and others, 1978; Schmoll and 
others, 1981); the unit contains no significant coal deposits. 

Tyonek Formation 

The type section for the Tyonek Formation (Calderwood and Fackler, 1972; 
Sanders, 1981) is in the Pan American Petroleum Corporation Tyonek State 2 
well which penetrated 2,272 m of Tyonek Formation and intersected 42 signifi- 
cantly thick coal beds (fig. 18). Adkison and others (1975) described expos- 
ures of the lower Tyonek Formation south of Capps Glacier, including the Capps 
and Waterfall coal beds (figs. 19 and 20), and assigned coal-bearing exposures 
along the Chuitna River to the upper part of the Tyonek Formation. The forma- 
tion underlies most of the Beluga field southeast of the Lake Clark and Castle 
Mountain faults. Outcrops around Capps Glacier and along the Chuftna River 
serve as the type section for the Seldovian Stage (Wolfe and others, 1966; 
Wolfe, 1977). 

The Tyonek Formation is generally finer grained than the West Foreland 
Formation and Hemlock Conglomerate. The unit contains the thickest coal beds 
of the Kenai Group. Other lithologies present are massively bedded sandstone, 
siltstone, claystone, and conglomerate. Adkison and others (1975) di-vided the 
Tyonek Formation in the Chuitna district into a basal conglomerate, the Middle 
Ground Shoals Member, and a finer grained upper coal-bearing unit, the Chuitna 
Member, which corresponds to the upper part of the lower Kenai Formation of 
Barnes (1966). In the Pan American Petroleum Chuitna River State 1 well, the 
Middle Ground Shoals Member occupies the interval from 562 to 1,894 m (Ramsey, 
1981b). Adkison and others (1975) noted the absence of the Hemlock Conglom- 
erate and the West Foreland Formation in the Pan American well, and stated 
that the Middle Ground Shoals Member rested on the Chickaloon Formation. 

The Chuitna Member of the Tyonek Formation crops out in Chuitna River 
Canyon (fig. 21) and correlates with the Kenai Formation of Barnes (1966). 
The Chuitna Member comprises about the upper 565 m in the Pan American well. 
The stratigraphically highest coal bed in the well, the Brown Seam (Ramsey, 
1981b), probably corresponds to the Chuitna bed of Barnes (1966) and is 
underlain by five other beds (from highest to lowest): the Yellow, Green, 
Blue, Orange, and Red seams. 

Reed and Nelson (1980) divided the Tyonek Formation in the Talkeetna 
Quadrangle into the Sandstone and Conglomerate Members. The Sandstone Member 
either is conformable with or interfingers with the underlying Conglomerate 
Member. The Tyonek Formation is separated from Mesozoic rocks by an angular 
unconformity. The Sterling Formation, stratigraphically the highest unit of 
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F i g u r e  18. L i t h o l o g i c  and g e o p h y s i c a l  l o g s  o f  t h e  t y p e  s e c t i o n  of t h e  Tyonek 
Formation (Pan American Petroleum Corpora t ion  Tyonek S t a t e  2 w e l l  e a s t  
of G r a n i t e  P o i n t ,  Cook I n l e t ) .  From Calderwood and F a c k l e r  (1972 ) .  
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the Kenai Group, unconformably overlies the Tyonek Formation, as suggested by 
the presence within it of coal fragments derived from the Tyonek Formation. 
The beds of the Sandstone and Conglomerate Members consistently dip gently or 
moderately to the southeast. 

The Sandstone Member is dominantly (to 80 percent) sandstone, typically 
medium to coarse grained, pebbly, and poorly indurated. Reed and Nelson (1980) 
reported sandstone beds as thick as 60 m at Fairview Mountain. Mineralogical- 
ly, the sandstone is composed of about 75-85 percent chert and quartz grains, 
10-20 percent feldspar, and about 5 percent mafic grains (biotite, hornblende, 
clinozoisite, and chlorite). Interbedded siltstone and claystone make up 20 
percent of the Sandstone Member and are commonly light to medium gray, rooted, 



West 
Elevation 

East 
Elevation 

F i g u r e  20. Genera l i zed  c r o s s  s e c t i o r i  of t h e  Beluga c o a l f i e l d  i n  t h e  
Capps d i s t r i c t  showing t h i c k n e s s e s  of t h e  Capps and W a t e r f a l l  
beds ,  i n c l u d i n g  overburden and i n t e r b u r d e n  zones .  Modified 
from Conwell (1977b).  

and l o c a l l y  i n c l u d e  c o a l  s t r i n g e r s ;  t h e y  a t t a i n  t h i c k n e s s e s  t o  50 m.  Conglom- 
e r a t e ,  c o a l ,  and v o l c a n i c  a s h  compose <1 p e r c e n t  of t h e  Sandstone Member. The 
conglomerate  o c c u r s  i n  beds  t o  5 m t h i c k ,  w i t h  i n c o r p o r a t e d  c l a s t s  t h a t  range 
t o  10 cm diam, but  average  2-6 cm diam. The c o a l s  occur  w i t h i n  fining-upward 
(conglomera te - sands tone-s i l t s tone-c lays tone-coa l )  c y c l i c  sequences ,  o f t e n  in -  
c l u d e  carbonaceous s h a l e  o r  bone p a r t i n g s ,  and average  <1 m t h i c k ;  however, 
they  a t t a i n  t h i c k n e s s e s  of 3  rn w i t h i n  t h e  Sandstone Member. 

Volcanic-ash p a r t i n g s  w i t h i n  t h e  c o a l  beds may be a s  t h i c k  a s  30 cm and 
c o n s i s t  of p a r t i a l l y  d e v i t r i f i e d  g l a s s  s h a r d s  t h a t  have a l t e r e d  t o  i l l i t e ( ? ) ,  
w i t h  ~ 0 . 5  p e r c e n t  b i o t i t e  (Reed and Nelson,  1980).  These a s h  p a r t i n g s  o f t e n  
c o n t a i n  f o s s i l  r o o t s  and i n d i c a t e  t h a t  v o l c a n i c  a c t i v i t y  was contemporaneous 
w i t h  c o a l  and sediment  d e p o s i t i o n .  

The Conglomerate Member i s  g e n e r a l l y  l i g h t  brown t o  b l u e  g r a y ,  mass ive ly  
bedded, p o o r l y  i n d u r a t e d ,  and c o n s i s t s  of 40 p e r c e n t  conglomerate ,  20 p e r c e n t  
s a n d s t o n e ,  and <40 p e r c e n t  s i l t s t o n e ,  c l a y s t o n e ,  and c o a l .  C l a s t s  of t h e  pe t -  
r o m i c t i c  conglomerate  ranged t o  15 cm diam b u t  averaged 5-10 cm diam. Propor- 
t i o n s  of d i f f e r e n t  l i t h o l o g i e s  v a r y ;  q u a r t z  and c h e r t  c l a s t s  a r e  most abundant 
a t  Nakochna R i v e r ;  igneous-rock c l a s t s  predominate  a t  Fa i rv iew Mountain. To 
t h e  n o r t h e a s t  from Nakochna R i v e r ,  s h a l e  and graywacke c l a s t s  i n c r e a s e  propor- 
t i o n a t e l y  t o  over  90 p e r c e n t  a t  Ruth G l a c i e r .  Grain  s i z e s  i n  t h e  sed imenta ry  
r o c k s  g r a d e  upward ( c o a r s e  t o  f i n e )  i n  c y c l i c  u n i t s  from conglomerate  t o  sand- 
s t o n e ,  .sandy s i l t s t o n e ,  s i l t y  c l a y s t o n e ,  and c o a l .  Sandstone l e n s e s  a r e  a l s o  
p o o r l y  i n d u r a t e d  and t y p i c a l l y  coarse -gra ined  and pebbly.  Coal beds  of t h e  
Conglomerate Member average  0.6-3.0 m i n  t h i c k n e s s ;  f o u r  c o a l  beds (<2 .2  m 



F i g u r e  21. Outcrop of  t h e  Chui tna  bed (Barnes ,  1966; 'Brown Seam' 
of Ramsey, 1981b) a l o n g  t h e  Chui tna  River  (Tyonek Format ion,  
Belugs c o a l f i e l d ) .  Photograph by J. E .  S p e r b e r ,  1981. 

t h i c k  each)  a r e  w e l l  exposed a t  Fa i rv iew Mountain ( f i g .  2 2 ) ;  one t h i c k  (4.5 m 
exposed) c o a l  bed c r o p s  o u t  a l o n g  Camp Creek.  These subbi tuminous  c o a l s  a r e  
b l a c k  t o  brownish b l a c k  w i t h  a  d u l l  l u s t e r  and u s u a l l y  c o n t a i n  c l a y s t o n e ,  c a r -  
bonaceous s h a l e ,  o r  bone-coal  p a r t i n g s .  Occurrences  of c o a l  w i t h i n  t h e  F a i r -  
view Mountain r e g i o n  were f i r s t  d e s c r i b e d  by Capps (1913).  Wolfe and o t h e r s  
(1966) determined t h a t  an  o u t c r o p  a t  Chicago Gulch was Se ldov ian  ( lower  t o  
middle  Miocene). 

The Tyonek Formation i s  l a t e  Ol igocene t o  midd le  Miocene. T r i p l e h o r n  and 
o t h e r s  (1977) o b t a i n e d  an age  of 15.8 Ma from a  vo lcan ic -ash  p a r t i n g  i n  a c o a l  
bed of t h e  upper  Se ldov ian  s e c t i o n  of t h e  Tyonek Formation a l o n g  t h e  Chui tna  
River .  T i m e - s t r a t i g r a p h i c  markers ,  such a s  vo lcan ic -ash  p a r t i n g s ,  a r e  r a r e  i n  
t h e  Susi t r la  lowland.  The geochemis t ry  of a n  ash  p a r t i n g  from t h e  Capps bed 
( f i g .  23) is  c o n s i s t e n t  w i t h  i t s  i n t e r p r e t e d  o r i g i n  a s  a n  a i r - f a l l .  t u f f  
(Spears  and K a n a r i s - S o t i r i o u ,  1979).  

Rocks of t h e  Tyonek Formation a r e  mos t ly  p r o d u c t s  of channe l  and f lood-  
p l a i n  s e d i m e n t a t i o n .  Some coarse -g ra ined  components i n d i c a t e  a  nea r - source  
l i t h o t y p e .  L a c u s t r i n e  d e p o s i t s  a l s o  occur  l o c a l l y .  

The Tyonek Format ion c o n t a i n s  most of t h e  c o a l  r e s o u r c e s  of t h e  S u s i t n a  
lowland.  The fo rmat ion  i.s wide ly  d i s t r i b u t e d  o v e r  t h e  r e g i o n ,  and i t s  c o a l s  
a r e  g e n e r a l l y  t h i c k e r ,  more l a t e r a l l y  c o n t i n u o u s ,  and of b e t t e r  q u a l i t y  ( lower  
a s h  c o n t e n t s  and h i g h e r  h e a t i n g  v a l u e s )  t h a n  t h o s e  of t h e  Beluga and S t e r l i n g  
Format ions .  



F i g u r e  2 2 .  F a i r v i e w  Mounta in  c o a l  b e d s  (C  t h r o u g h  F )  of  t h e  Conglomera te  
Member of t h e  Tyonek F o r m a t i o n ,  n o r t l n l c s t  S u s i t n a  lowland .  Pho tog raph  
by J . E .  S p c r b e r ,  1981.  

Beluga  Forrnat lon 

The Beluga  Formatior1 c r o p s  o u t  a l o n g  t h e  lower  Beluga  arid C h u i t n a  R i v e r s  
and a l o n g  Besh ta  Cay e a s t  of  G r a n i t e  P o i n t  ( s h e e t  1 ) .  T o t a l  t h i c k n e s s  o f  t h e  
Beluga Forma t ion  c a n n o t  be d e t e r m i n e d  from o u t c r o p s ,  b u t  i t  i s  more t h a n  1 ,200  
m t h i c k  i n  t h e  t y p e  s e c t i o n ,  a  w e l l  n e a r  Beluga (Schmol l  and o t l i e r s ,  1981) .  
The c o a l  s e q u e n c e  w i t h i n  t h e  f o r m a t i c n  d i p s  e a s t w a r d  b e n e a t h  Cook I n l e t  ~ n d  
e x t e n d s  i n t o  t h e  s u b s u r f a c e  of  t h e  Kenai  P e n i n s u l a  ( S a n d e r s ,  1981) .  The form- 
a t i o n  c o n s i s t s  of th in-bedded ca r id s tone r ,  r l a y s t o n e s ,  and  l o c a i  i i g n i t i c  c o a l s  
w i t h  b e n t o n i t i c  c l a y s t o n e  i n t e r b e d s ;  n e a r  b a s i n  m a r g i n s ,  t h e  f o r m a t i o n  g r a d e s  
i n t o  p r e d o m i n a n t l y  sandy ~ i l t s t o r ~ e s ,  c l a y s t o n e s ,  and bony c o a l s .  The u n i t  i s  
l a t e  Miocene and i s  a s s i g r , e d  t o  t h e  Homerian S t a g e  and lower  p a r t  of  t h e  
Clamgulchian  S t a g e  ( k o l f e ,  1966) .  

The l a r g e  p r o p o r t i o n  of  graywacke and g r e e n s t o n e  l i t h i c  f r a g m e n t s  Ln 
p e b b l y  s a n d s t o n e  and c o n g l o n ~ e r a t e  b e d s  oi t h e  Beluga. F o r m a t i o ~  s u g g e s t s  t h a t  
t h e s e  s e d i m e n t s  may h a v e  been  shed  f rom t h e  s o u t h  and e a s t  d u r i n g  u p l i f t  o f  
t h e  Chugach Range; a  s e c o n d a r y  s o u r c e  a r e a  may be t h e  A l a s k a  Range t o  t h e  
n o r t h .  The s e d i m e n t s  were  p r o b a b l y  d e p o s i t e d  a s  c o a l e s c i n g  a l l ~ v i a l  f a n s  on 
f l u v i a l  p l a i n s  ( C l a r d y ,  1978) f rom s o u r c e  a r e a s  of  modera t e  t o  low r e l i e f .  



F i g u r e  23. Vo lcan ic -a sh  
p a r t i n g s  i r i  t h e  Capps 
bed of t h e  Tyonek 
Forma t ion ,  Beluga  
c o a l f i e l d .  Pho to  
by J . E .  S p e r b e r ,  
1981. 

i n  t h e  S u s i t n a  lowland ,  t h e  Beluga Forma t ion  c o v e r s  a  much s m a l l e r  a r e a  
and c o n t a i n s  c o n s i d e r a b l y  l e s s  c o a l  t h a n  t h e  Tyonek Fornia t ion;  a d d i t i o n a l l y ,  
t h e  q u a l i t y  of  Beluga  Forma t ion  c o a l s  i s  c o n s i d e r a b l y  lower .  

S t e r l i n g  Forma t ion  

S t e r l i n g  Format ion  s t r a t a  were  mapped by Reed and Nelson  (1980) i~ t h e  
n o r t h e r n  Yentna b a s i n  ( s h e e t  1 ) .  A t  F a i r v i e w  Mounta in ,  t h e  u n i t  i s  770 m 
t h i c k .  I n  t h e  Beluga  w e l l ,  t h e  u n i t  o v e r l i e s  t h e  Beluga  Forma t ion  a n d ,  w i t h  
Q u a t e r n a r y  d e p o s i t s ,  makes up t h e  u p p e r  1 ,100  m of  s t r a t a  ( K e l l y ,  1963) .  I n  
t h e  Yentna  b a s i n ,  t h e  S t e r l i n g  Forma t ion  is  a  p r e d o m i n a n t l y  sandy ,  l o o s e l y  
c o n s o l i d a t e d  u n i t  w i t h  minor  c l a y s t o n e  and a  few r e l a t i v e l y  t h i n  (2-m-thick) 



l i g r l i t i c  c o a l s .  Retd  and Nel.son (1980) d e s c r i b e d  i t  a s  an o r a n g e  t:o I.ig1it- 
g r a y  rilassive conglomer;: t c 2  w i t h  c o a r s e - g r a i n e d  c l a s t i c s .  C l a s t  d i a m e t e r s  
r a n g e  t o  30 c m  b u t  a v e r a g e  5-10 cm diam. I n d u r a t i o n  i s  t y p i c a l l y  poor  t c ~  
modera t e  w i t h  a c l a y  o r  i r o n  c>: ide  ( f e r r u g i n o u s )  ma t r i -x .  C l a s t  l i t h o l o g i e s  
a r e  t l le  same a s  i n  t h e  Tyonek Forma t ion  ( q u a r t z ,  c h e r t ,  s h a l e ,  graywacke ,  
and i g n e o u s  r o c k s )  b u t  o c c u r  i n  d i f f e r e n t  p r o p o r t i o n s .  

I h e  S t e r l i n g  Formot lon  i s  l a t e  l i i c c e n e  and F l i o c e n e  and f a l l s  w i t h i n  t h e  
CLamgul c l i i an  S t a g e  of Wolfe (1966) .  T r i p l e h o r n  and o t h e r s  (1977) o h t a i n e d  
I<-Ar a g e s  rnnglr lg from 6 t o  11  Ma f rom v o l c a n i c - a s h  p a r t i n g s  w i t h i n  c o a l  beds  
of  t h e  S t e r l  i n g  Format ion  on t h e  Kenal  P e n i n s u l a .  S t e r l i n g  Format ion  d e p o s i t s  
a r e  p r o b a b l y  c h a r a c t c r l s t i c  of  b r a i d e d  s t r e a m s  t h s t  d r a i n e d  a  t e c t o n i c a l l y  
a c t i v e  alt-a ( C l a r d y ,  1978) .  Near b a s i n  m a r g i n s ,  t h e  f o r n i ~ ~ t i o n  becomes con- 
g l o m e r a t i  c ,  i n i i i c a t i ~ l g  a h igh -ene rgy  e n v i r o n m e n t ,  n e a r  t h e  s o u r c e .  E p i d o t e  
cloniinates t h e  heavy-minera l  s u i t e  ( K i r s c h n e r  and Lyon, 1973) .  An i n d i c a t i o n  
u f  p rovenance  i s  t h e  e a s t - t o - s o u t h e a s t  c u r r e n t  d i r e c t i o n s  d i s p l a y e d  i n  c r o s s -  
1)edded sa r ld s tone  l e n s e s .  

Coa l  d e p o s i r s  o f  t h e  Stel.1-ing Forma t ion  a r e  o f  minor  s i g n t f i c a n c e  com- 
p a r e d  w i t h  t h o s e  of t h e  Tyonek Forma t ion .  I n  t h e  S u s i t n a  l o w l a n d ,  S t e r l i n g  
Format ion  c o a l s  o f  t h e  n o r t h e r n  Yentna b a s i n  a r e  d i s c o n t i n u o u s  and g e n e r a l l y  
of low q u a l i t y .  

PALEOBOTANY AND PALYNOLOGY 

The a g e s  o f  T e r t i a r y  c o a l - b e a r i n g  s t r a t i g r a p h i c  u n i t s  i n  s o u t h c e n t r a l  
A l a s k a  were  e s t a b l i s h e d  by t h e  p a l e o b o t a n i c a l  and p a l y n o l o g i c a l  work o f  Wolfe 
and o t h e r s  (1966)  who p roposed  t h r e e  new p r o v i n c i a l  c l l r o n o s t r a t i g r a p h i c  u n i t s :  
t h e  S e l d o v i a n ,  Homerian,  and Clamgulchian  S t a g e s .  P l a n t  n e g a f o s s i l s  and micro-  
f o s s i l s  ( s p o r e s  and p o l l e n s )  were  t11e c r i t e r i a  f o r  a g e  a s s i g n m e n t s  ( f i g .  2 4 ) .  
h o  m e g a f o s s i l  o r  m i c r o f o s s i l  p l a n t s  o f  Clamgulchian  a g e  h a v e  been  found i n  t h e  
S u s i t n a  lowland .  Adkisorl and o t h e r s  (1975) measured  numerous s e c t i o n s  on t h e  
s o u t h  s i d e  o f  Capps G l a c i e r  and a t  two l o c a l i t i e s  a l o n g  t h e  C h u i t n a  R i v e r ,  and 
p r o v i d e d  d e t a i l e d  l i t h o l o g i c  d e s c r i p t l o ~ ~ s  and l i s t s  o f  i d e n t i f i e d  palynornorph 
a s s e m b i s g e s .  

Fron! h i s  s t u d y  o i  l e a f  f l o r a s  c f  s o u t h w e s t e r n  B r i t i s h  Columbia and o t h e r  
p a r t s  o f  n o r t h w e s t e r n  Nor th  America,  k o l f e  (1978) conc luded  t h a t  m i d d l e  Eocerie 
t i m e  was c h a r a c t e r i z e d  by widesprea t l  e q u a b l e  c l i m a t e s .  The warm and t e m p e r a t e  
b r o a d l e a f  f o r e s t s  werc  no l o n g e r  dominant  a f t e r  m i d d l e  Miocene t i m e ,  and c o o l  
t e m p e r a t e  f l o r a l  f a m i l i e s  s u c h  a s  B e t u i a c e a e  ( b i r c h )  p r o l i f e r a t e d  (Wolfe,  1972,  -- 
1977;  Wolfe and o t h e r s ,  1980) .  

W i l l i z m s  and Ross (1979) a l s o  p o s t u l a t e d  2 p e r i o d  o f  w i d e s p r e a d  e q u a b l e  
c l i m a t e 9  i n  t h e i r  s t u d y  o f  Eocene c o a l - b e a r i n g  s t r a t a  i n  t h e  Tulameen c o a l -  
f i e l d  o f  s o u t h c e n t r a l  E r i t i s h  Columbia.  T h i s  t y p e  o f  c l i m a t e  i s  i n f e r r e d  i n  
most  T e r t i a r y  ~ o d e l s  ( K i r s c h u e r  and Lyon, 1973) and l i k e i y  was c h a r a c t c r i s t i c  
of  t h e  p e r i o d  a u r i n g  d e p o s i t i o n  o f  t h e  c o a l - b e a r i n g  Tyonek Forma t ion  i n  t h e  
Kenai  Group. The r e l a t i v e l y  l u s h  p l a n t  growth  of  a l o w l a n d - p l a i n  p a l c o e n v i -  
ronrr~ent  would a c c o u n t  f o r  f o r m a t i o n  o f  t h e  t h i c k  p e a t s  and ( u l t i m a t e l y )  t h i c k  
cclais  o f  t h e  Tyoslek Forma t ion .  
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Foss~l-local~ty symbols 
Kena~ Group strata 

{ 
0 Megafossil plant 

Homeria" M~crofoss~l  plant 
pre-Kena~ Group rocks Stage 

M O I I U S ~  

Megafoss~l plant 
Fault Seldovian 

M~crofoss~l plant 

A Mollusk 

F i g u r e  24. Se ldov ian  and Homerian S t a g e  f o s s i l  l o c a l i t i e s  i n  t h e  S u s i t n a  
lowland. Modified from Wolfe and o t h e r s  (1966) .  



P E T R O G R A P H Y  OF T Y O h L K  F O R Y t i T T O N  ROCKS 

C o n y o s i t i o n  -- 

S a n d s t o n e s  ~f t h e  T y o n k  Format ior -  examined d u r i n g  t h i s  s t u d y  (sample  
l o c a t i o n s  on p l .  i ;  d e s c r i p t i o n s  i n  a p p .  C )  were  p redon! inan t ly  medium g r a i n e d  
and v a r i e d  f rom g r a y  t o  brown, l o c a l l y  s l i g h t l y  t i n t e d  g r e e n  or b l u e .  Graded 
b e d d i n g  was common, and f i n ing -upward  s e q u e n c e s  were  t r a r i s i t i o n a l  f rom c o a r s e -  
g r a i n e d  s a n d s t o n e  a t  t l ~ e  b a s e  t o  f i n e - g r a i n e d  s a n d s t o n e  and s i l t  s t o n e  u p s e c t i o n .  
Sands tor les  c o n s i s t e d  p r e d o m i n a n t l y  of q u a r t z  and roclc f r a g m e n t s  i n  an  a r g i l l a -  
c e o u s  m a t r i x  o r  cemented by s i l i c a .  F e l d s p a r ,  m i c a ,  and heavy m i n e r a l s  were  
minor  a c c e s s o r y  components .  

Q u a r t z  g r a i n s  r s ~ g e d  f rom s i l t  t o  p e b b l e  s i z e .  P l u t o n i c  ( w i t h  v a c u o l e s )  
e x h i b i t i n g  s t r a i n  shadows and v e i n  q u a r t z  e x h i b i t i n g  s l i g h t :  t o  s t r o n g  undu la -  
t o r y  e x t i n c t i o r ~  were most  a b u n d a n t .  Minor q u a r t z  p r o b s b l y  o r i g i n a t e d  from 
metamorphic  roc l i s ;  a few p o l y c r y s t a l l i i l c  o r  mosa i c  g r a i n s  were  a l s o  o b s e r v e d .  

Rock f r a g m e n t s  were  u s u a l l y  n o t  abundan t  ( < 5  p e r c e n t ) ,  b u t  o c c a s i o n a l l y  
r anged  t o  25 p e r c e n t ;  one  s ample  of c o a r s e - g r a i n e d  s a n d s t o n e  c o n s i s t e d  of o v e r  
50 pe rce r . t  l i t h i c  components .  Most: f r a g m e n t s  were  o f  s e d i m e n t a r y  o r i g i n  w i t h  
s e c o n d a r y  metamorphic  t y p e s .  She , e  f r a g m e n t s  ( c a r b o n a c e o u s  o r  b i t u m i n o u s )  and  
d i s s e m i n a t e d  and f ine1 .y  d i v i d e d  c o a l  d e t r i t u s  were  common. O t h e r  s e d i m e n t a r y  
components  i n c l u d e d  c h e r t  and c h e r t y  s a n d s t o n e ,  a r g i l l a c e o u s  s a n d s t o n e ,  and 
a r g i l l i t e  ( s o m e t i r ~ e s  s i l i c i f i e d ) .  Metamorphic f r a g n l e n t s  i n c l u d e d  q u a r t z i t e ,  
s l a t e ,  c h l o r i t e ,  and m u s c o v i t e .  

F e l d s p a r ,  p r e d o m i n a n t l y  p l a g i o c l . a s e ,  t y p i c a l l y  c o n s t i t u t e d  <3 p e r c e n t ;  i t  
o c c u r r e d  i n  tw inned  ( a l b i t e  and C a r l s b a d )  and un twinned  v a r i e t i e s .  M i c r o c l i n e  
o c c u r r e d  i n  a  few san ip l e s .  Almost a l l  f e l d s p a r  g r a i n s  were  h i g h l y  a l t e r e d  t o  
s e r i c i t e ,  c h l o r i t e ,  o r  o t h e r  c l a y s ;  some had  l i m o n j - t c  r i m s .  R e l a t i v e l y  f r e s h  
f e l d s p a r  g r a i n s  o f  p y r o c l a s t i c  o r i g i n ( ? )  were  n o t  o b s e r v e d  i n  t h e  s a n d s t o n e .  

C i o t i t e ,  t h e  most  a b u n d a n t  mica  ($7  p e r c e n t ) ,  was usual1.y deformed by 
compac t ion  and o f t e n  a l t e r e d  t o  kaol . i .n i te  c l a y .  S e r i c i t e  mixed w i t h  c h l o r i t e ,  
p r o c h l o r i t e ,  acd c l a y  t y p i c a l l y  c o n s t i t u t e d  < 2  p e r c e n t ,  m u s c o v i t e  <1 p e r c e n t .  

Opaque and heavy minera1.s were  e s t i m a t e d  a t  < 5  p e r c e n t  i n  modal a n a l y s e s  
b u t  o c c a s i c n a l l y  r anged  t o  15 p e r c e n t .  The heavy m i n e r a l s  u s u a l l y  o c c u r r e d  
a s  i s o l a t e d  g r a i n s  b u t  Irl some samp1.e~  were  c o n c e n t r a t e d  i n  d e f i n e d  l a m i n a e ;  
among t h o s e  i d e n t i f i e d  were  t o u r m a l i n e ,  a p a t i t e ,  r u t i l e ,  z i r c o n ,  g a r n e t ,  e p i -  
d o t e  ( t h e  l a t t e r  51 p e r c e n t ) ,  c l i n o z o i s i t e  (S5 p e r c e n t ) ,  and h o r n b l e n d e .  
T y p i c a l l y ,  16-50 p e r c e n t  of t h e  heavy-mine ra l  f r a c t i o n  was opaque .  

Most s a r id s tone  examjned had s i i i c e o u s  o r  a r g i l l a c e o u s  m a t r i x .  O f t e n  
s i l i c a  and c l a y  were  mixed.  C r y p t o c r y s t a l l i n e  s i l i c a  was a  commorl m a t r i x  
m a t e r i a l  ( i n c l u d i n g  v o i d - f i l l i n g  c h a l c e d o n y )  and was t h e  cement  i n  most  
s a m p l e s ;  f e r r u g i n o u s  and somet imes  s i l t y  c l a y s  were  a l s o  conlmon cemen t s .  
Z l l i t e  and k a o l i n i t e  were  most  a b u n d a n t ,  u s u a l l y  s t a i n e d  by j r o n  o x i d e s  
and h y d r o x i d e s  and mixed ~ i t h  s e r i c i t e ,  c h l o r i t e ,  and c h l n r o p h a e i t e .  A 
s m a l l  p r o p o r t i o n  of  t h e  c l a y  ~ n i n e r a l s  were  a u t h i g e n i c .  Lr. f i n e r  g r a i n e d  
s a n d s t o n e s ,  c l a y  c o n s t i t u t e d  20-30 pe . rcent  of t h e  m a t r i x .  



C l a s s i f i c a t i o n  

L i t h j . c  o r  s u b l i t h i c  a r e n i t r  and. graywacke  were  t h e  p redominan t  sand-  
s t o n e  t y p e s .  P r o t o q u a r t z i t e s  o r  o r t h o q u a r t z i t e s  were  n o t  p r e s e n t  i n  t h e  
Tyonck F o r m a t i o c  s amples  a n a l y z e d .  

Roundness ,  s o r t i n g ,  and t e x t u r a l  m a t u r i t y  

Most q u a r t z  g r a i n s  were  s u b a n g ~ l a r  t o  sub rounded .  A few w e l l - r o l ~ n d e d  
g r a i n s  were  u n d o u b t e i l y  r e c y c l e d  and some showed a b r a d e 6  o v e r g r o w t h s .  Some 
c i a y - c o a t e d  g r a i n s  a l s o  o c c u r r e d ,  e i t h e r  r e c y c l e a  o r  w i t h  t h e  c o a t  formed 
a u t h i g ~ r ~ i c a l l y  by a l t e r a t i o n .  C h e r t  c l a s t s  we re  t y p i c a l l y  more a n g u l a r  t h a n  
q u a r t z ,  e s p e c i a l l y  i n  t h e  c o a r s e r  g ra i r i ed  s a n d s t o n e .  S o r t i n g  was g e n e r a l l y  
poo r  t o  m o d e r a t e ,  2nd most  s a n d s t o n e  was s u b m a t u r e  t o  i n m a t u r e .  

C l a y s  t o n e  

Clayc tor le  i s  common i n  t h e  c o a l - b e a r i n g  s t r a t a  of  t h e  Tyonek Forrf iat ion 
i n  t h e  S u s i t n a  l o w l a n d .  It may b e  s i l t y  o r  s a n d y  l o c a l l y  and i s  o f t e n  c a r -  
bonaceous  ( w i t h  s h r e d s  of  o r g a n i c  m a t t e r ,  c o a l y  s t r e a k s ,  and  c a r b o n i z e d  p l a n t  
f r a g m e n t s )  o r  f e r r u g i n o u s  ( w i t h  i r o n  o x i d c  and h y d r o x i d e  n o t t l e s ,  i r r e g u l a r  
p a t c h e s ,  e n c r u s t a t i o n s ,  r i m s ,  and f r a c t u r e  c o a t s )  and c o n t a i n s  h i g h l y  a l t e r e d  
s l a t e ,  q u a r t z i t e ,  and  g r a p l i i t i c  o r  p h y l l . i t i c  s c h i s t  f r a g m e n t s .  I t  i s  c r y p t o -  
~ r y s t a l l i r ~ e ,  w i t h  i n c l u d e d  f l a k e s  t y p i c a l l y  o r i e n t e d  p a r a l l e l  t o  t h e  bedd ing  
p l a n e s ;  i t  may have  d i s c o n t i n u o u s ,  v e r y  f i n e  l a m i n a e .  Some s a m p l e s  were  banded 
w i t h  l i g h t  ancl darlc l e n s e s  of  f i n e r  and c o a r s e r  g r a i n e d  m a t e r i a l .  The l i g h t e r  
l a m e l h e  were  s i l t i e r  and c o n t a i n e d  s i g n i f i c a n t l y  more q u a r t z  t h a n  t h e  d a r k e r  
l a m e l l a e  of  c l a y .  U n d e r c l a y s  commonly c o n t a i n e d  f o s s i l  r o o t s ,  and somet imes  
r e g u l a r  b l a c k  c r y p t o g r a n u l a r  s p h e r e s  t h a t  may be  p o l l e n  g r a i n s .  C l a y s t o n e  
c o l o r  r anged  t h r o u g h  s h a d e s  of g r a y  and brown, sonlet imes w i t h  t i n t s  of r e d ,  
y e l l o w ,  and g r e e n .  Root c a s t s  we re  somet imes  o b s e r v e d ,  and  s h r i n k a g e  c r a c k s  
a l s o  o c c u r r e d  i n  some s a m p l e s .  

X-ray d i f f r a c t - i o n  of c l a y s t o n e  samples  r e v e a l e d  t h a t  i i l i t e - k a o l i n i t e  
a s s o c i a t i a n s  a r e  most  ccmmcn, w i t h  s e c o n d a r y  abundances  of  n i x e d - l a y e r  min- 
e r a l s  s u c h  as c h l o r i t e  arid m o n t m o r i l . l o n i t e ,  Mixed- layer  m i n e r a l s  and i l l i t e  
compete f o r  t h e  same s i t e s ,  c aus i r i g  I l . l i t e  peaks  t o  a p p e a r  f a i r l y  b r o a d  and 
a symmet r i c  C ~ L  d i f f r a ~ t o g r a r n s .  The i l l i t e  may a l s o  be p o o r l y  o r d e r e d  b e c a u s e  
of  s u r f i c i a l  w e a t h e r i n g .  C h l o r i t e ,  c l i n o c h l o r e ,  and s e r i c i t e  o c c u r  a s  a l t e r -  
a t i o n  p r o d u c t s  o f  h o r n b l e n d e  o r  o t h e r  f e r r o m i l g n e s i a n  s i l i - c a t e s  and a r e  i n t e r -  
mixed w i t h  o t h e r  c l a y s .  I n  t h e  s a m p l e s ,  k a o l i n i t c  e x h i b i t e d  g e n e r a l l y  l o w e r  
b i r e f r i n g e n c e  tlinr: d i d  i l l i t e  and s e r i c i t c .  

C r y p t o c r y s t a l l i n e  q u a r t z  o c c u r r e d  i n  most  t h i n  s e c t i o n s  of  c l a y s t o n e  a s  
s c a t t e i - e a  m i n u t e  f r a g m e n t s ,  snlsll and i r r e g u l a r  s i l i c i c  v e i n s  and v e i n l e t s ,  
and c a v i t y  f i l l . i n g s ;  c h a l c e d o n y  arid o p a l  were  common. Q u a r t z  c o n s t i t u t e d  <10 
p e r c e n t  i n  most  modal a n a l y s e s  b u t  was u s u a l l y  t h e  s econd  main c o n s t i t u e n t .  

Minor o r  a c c e s s o r y  m i n e r a l s  and  i n c l u s i o n s  o c c u r r e d  i n  t h e  c l a y s t o n e  i n  
numerous fo rms ;  c a r b o n a c e o u s  ( o r g a n i c )  m a t t e r  was < 7  p e r c e n t  on  a  modal  b a s i s .  
Opaque m i n e r a l s  were  u s u a l l y  <5 p e r c e n t .  B i o t i t e  was t h e  p redominan t  mica  
(<5 p e r c e n t )  w i t h  mino r  m u s c o v i t e  (<1  p e r c e n t ) ,  b o t h  11ighl.y a l t e r e d ;  c l i n o z o -  
i s i t e  ( o f t e n  2-7  p e r c e n t  was more abundan t  clian c p i d o t e  ( u s u a l l y  <1 p e r c e n t ) .  



Other  o c c u r r e n c e s  i n c l u d e d  a n a t a s e ,  g a r n e t ,  s p i n e l ,  t o u r m a l i n e ,  l a u m o n t i t e  
( z e o l i t e  i r ~  s l a t e  and s c h i s t  f r a g m e n t s ) ,  and a n t i g o r i t e .  C a l c i t e ,  d o l o m i t e ,  
s i d e r i t e ,  and p y r i t e  were  e x t r e m e l y  r a r e  i n  t h e s e  f i n e - t e x t u r e d  sedi . r .en ts .  

Carbonaceous  s h a l e  

Carbonaceous  s h a l e  i s  r a r e  i n  c o a l - b e a r i n g  s t r a t a  of  t h e  Tyonek Format ion  
i n  t h e  S u s i t n a  lowland ,  t y p i c a l l y  o c c u r r i n g  i n  v e r y  t h i n  (<0 .5  nl) beds  o f  r e d -  
d i s h  t o  d a r k  brown o r  b l a c k  u n d i f f e r e n t i a t e d  c l a y  and f i n e  s i l t  n e x t  t o  c o a l  
seams.  1 - r r e g u l a r ,  s i l i c i c  v e i n l e t s  and c a v i t y  f i l l i n g s  o f  c r y p t o c r y s t a l l i n e  
q u a r t z  t r a n s e c t e d  ca rbonaceous  f r a g m e n t s .  Minor a c c e s s o r y  m i n e r a l s  i n c l u d e d  
i r o n  o x i d e s  and hydroxides, c l i n o z o i . s i t e ,  e p i d o t e ,  s e r i c i t e  (minu te  s h r e d s ) ,  
m u s c o v i t e ,  c r y p t o g r a n u l a r  c h l o r i t e ,  f e l d s p a r  ( a l . t e r i n g  t o  c l i n o z o i s i t e ) ,  
a n a t a s e ,  and tourrnal . ine.  

Ca rbona te  c o n t e n t  and c o n c r e t i o n s  

The c a r b o n a t e  c o n t e n t  of Tyonek Format ion  r o c k s  s t u d i e d  was v e r y  low. 
S i d e r i t e  c o n c r e t i o n s  and d i f f e r e n t i a l l y  ca lc ium-carbonate-cemented  s a n d s t o n e  
l e n s e s  o c c u r r e d  l o c a l l y  i n  c o a l - b e a r i n g  s e c t i o n s .  M i c r o s c o p i c a l l y ,  t h e  r o c k s  
i n c l u d e d  a  m i x t u r e  of v e r y  f i n e - g r a i n e d  c a l c i t e  and s i d e r i t e  w i t h  a r g i l l a c e o u s  
m a t t e r  arid s i l t - s i z e d  t o  f i n e  s a n d - s i z e d  q u a r t z .  The 1 .enses  and c o n c r e t i o n s  
o c c u r r e d  i n  s e c t i o n s  n e a r  Capps ,  Wolve r ine ,  and S a t u r d a y  Creeks .  The d i f f e r -  
e n t i a l l y  cemented l e n s e s  were  most abundan t  i n  s a n d s t o n e ,  whereas  t h e  s i d e r i t e  
c o n c r e t i o n s  o c c u r r e d  ma in ly  i n  s i l t y  s h a l e .  Some c o n c r e t i o n s  had w e a t h e r i n g  
r i n d s  of  1 imoni . te  o r  h e m a t i t e .  

Tons t e i n s  

S e v e r a l  t o n s t e i n s  have  been  i d e n t i f i e d  a s  t h i n  c l a y s t o n e  p a r t i n g s  i n  
c o a l  seams of t h e  Tyonek Forma t ion .  Ovoids o f  r e l . a t i v e l y  c l e a r  k a o l i n i t e  
a r e  d e f i r i i t i v e  of g raupen  t o n s t e i n s .  The major -oxide  ~ e o c h e ~ n i s t r y  f o r  two 
t o n s t e i n s  ( t a b l e  3) was g e n e r a l l y  c o n s i s t e n t  w i t h  an a i r - f a l l - t u f f  o r i g i n .  
X-ray d i f f r a c t - i o n  of  one  t o n s t e i n  ( f i g .  25) showed t h e  c h i e f  c o n s t i t u e n t  
t o  b e  k a o l i n i t e ;  t .he samples  c o n t a i n e d  l i t t l e  q u a r t z .  The h i g h  p h o s p h a t e  

Table 3 .  Major-oside geockentistry o f  t w o  coal t o n -  
steins froin t he  Susitna Lowland.  

Ox ide  -- 
S i 0 2  
~ 1 2 0 3  
F e z 0 3  
MnO 
MgO 
CaO 
Na2O 
IC20 
T i 0 2  
p 2 0 5  
LOIa 
H2O.  

Sample  
CnC7-12 

a ~ o s s  on ignition. 



Kaolinite 

b 55.4' 1.65 A Kaolinite 

i 45.7O 1.98 A Quartz 

38.5' 2.33 A Kaolinite 

,36.0° 2.49 a Kaolinite 
\35.7' 2.51 8, Kaolinite P 35.1' 2.55 Kaolinite 

26.S0 3.35 Quartz 

24.9' 3.57 8, Kaolinite 

20.4O 4.35 A Kaolinite 
20.Z0 4.39 & Kaolinite 

12.3' 
7.19 8, 
Kaolinite 

Ftgure 25. X-ray diffractogram of a coal tonstein (sample C G 4 - 6 )  from the 
Capps  bed. The chief constituent is haolinite. 



co i l t en t  i r ~  sample  CnC7-12 was t e n t a t i v e l y  i d e n t i f i e d  by X-ray d i f f r a c t i o n  a s  
g o y a z i t e  [SrA13   POL+)^- (OW)5*H20] o r  g o r c e i x i t e  [EaA15 (OH) 1 ,  members 
of  a n  i s o s t r u c t u r a l  g roup  of rhontbohedral.  p h o s p h a t e s  oli t h e  plumbogurnmite fam- 
i l y  ( P r i c e  and D u f f ,  1 9 6 9 ) .  A d e f i n i t i v e  i d e n t i f i c a t i o n  of  a  s p e c i f i c  h y d r a t e d  
alun:j.num p h o s p h a t e  was n o r  made b e c a u s e  o t h e r  m i n e r a l s  of  t h e  s e r i e s  had  s i m i -  
l a r  2 O a n g l e s  and peak  i n r e n s i t i e s ,  R e l a t i v e l y  h i g h  r i t a r i i u m  ( p a r t i c u l a r l y  
n o t i c e a b l e  i r i  s ample  CG4-Gj p r o b a b l y  o c c u r s  a s  a n a t a s e ,  whicli was i d e n t i f i e d  
p e t r o g ; : a p h i c a l l y .  

The t o n s t e i - n  s amples  CG4-6 and CnC7-12 e x h i b i t e d  t h e  t e x t u r e s  and g e n e r a l  
f e a t u r e s  of  a p a l a g o n i t e  t u f f  o r  r e c r y s t a l l i z e d  baked c l a y .  Angular  f r a g m e n t s  
( somet imes  s h a r d s )  of  r e d  and b l a c k  d e v i t r i f i e d  ( t o  v a r i o u s  s t a g e s )  v o l c a n i c  
g l a s s  were  p r e s e n t .  K a o l i n i t e  was o f t e n  i n t e r m i x e d  w i t h  i r o n  o x i d e s  and hydrox-  
i d e s  ( g o e t h i t e ,  l i m o n i t e ,  and h e n i a t i t e )  and showed p a r a l l e l  o r i e n t a t i o n  w i t h  
a g g r e g a t e  p o l a r i z a t i o n .  C h l o r i t e  and c r y p t o g r a n u l a r  a l t e r a t i o n  p r o d u c t s  were  
c o n c e n t r a t e d  a l o n g  s i l i c i c  ( c h a l c e d o n i c )  v e i n l e t s ;  c ~ i n o z o i s i t e ,  e p i d o t e ,  and 
s e r i c i t e  a l s o  o c c u r r e d  a s  ? I t e r a t i o n s .  

Balced r o c k s  

S e v e r a l  t h e r m a l l y  a l . t e r e d  r o c k s  were  a l s o  examined p e t r o g r a p h i c a l l y .  The 
r o c k s  were  baked o r  burned  by t h e  n a t u r a l  combus t ion  o f  a d j a c e n t  c o a l  beds  o r  
by an  i n t r u d i n g  d i k e  o r  u n d e r l y i n g  s i l l .  The d e g r e e  of a l t e r a t i o n  i s  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  r o c k ' s  d i s t a n c e  f r o n  t h e  b u r n i n g  seam o r  i g n e c u s  i n t r u s i o n .  
A c o n t a c t  a u r e o l e  caused  by metamorphism i s  formed a round  t h e  bu rned  zone  o r  
i n t r u s i o n .  U l t i m a t e  p r o d u c t s  of  t h e  two p r o c e s s e s  ( n a t u r a l  b a k i n g  v s .  c o n t a c t  
1xetamorp11i.sm) a r e  v e r y  s j . m i l a r  and may be d i f f i c u l t  t o  d i s t i n g u i s h  i n  a l o c a l  
a r e a ,  p a r t i c u l a r l y  i f  a  c o a l  seam h a s  bu rned  u n d e r g r o u n d .  

b s e r i e s  of  Lalced roclcs ( s amples  CnC3-1 t h r o u g h  CnC3-5, t a b l e  4 )  was Sam-- 
p l e d  a t  an  u p p e r  Canyon Creek  l o c a l i t y  of  t h e  w e s t e r n  S u s i t n a  l owland  ( f i g .  2 6 ) .  

Table 4 .  ~ V a j o r - o x i d e  geochern is t r j~  o f  u gradutiorlcll series o f  baked r o c k s  f rom a n  u p p e r  C a n y o n  Creelz locali ty .  

Major 
oxide CnC3-la ~ 1 1 ~ 3 - 2 "  -- 
,302 49.32 69.60 
A1203 29.26 18.22 
F e 2 0 3  1.93 1 .02  
MnO 0.01 0 .01  
MgO 0.21 0.04 
CaO 0.70 0 .55  
Na2O 0.22 0.24 
IC20 0.46 0.48 
T i 0 2  0 .G 2 0.96 
P2O5 0.18 0.17 
LO1 4.97 3.88 

H 2 0  6.37 2.54 
Total 96.23 97.71 

- -- 

a - Shale, carbonaceous, relatively unaltered '' - Light-gxay baked claystone xvith abi~ndant plallt fossils :- Beige baked claystone 
- Pink to light-red scoriaceous clinker, abundant hematite 
- Dark-red to nlaroon burn, high helnatite. 

Sample 
CnC3-3C 



F i g u r e  26. G r a d a t i o n a l  zones  of burn m a t e r i a l  i n  a c o a l - b e a r i n g  s e c t i o n  
of t h e  'I'yonek Format ion,  upper Canyon Creek,  southwest  Yentna b a s i n .  
Photograph by J . E .  S p e r b e r ,  1981. 

Although t h e s e  r o c k s  may have been a l t e r e d  by an u n d e r l y i n g  l a t e  T e r t i a r y  d i k e  
o r  s i l l ,  they  were p robab ly  baked by t h e  burn ing  of an  a d j a c e n t  underground 
coa l  seam. Tab le  4 shows t h e  geochemical  changes t h a t  occur  i n  baking:  (1) a  
g e n e r a l  i n c r e a s e  i n  t o t a l  i r o n  a s  Fe203; ( 2 )  an  i n c r e a s e  i n  Na20 and K20; and 
( 3 )  a n  expec ted  d e c r e a s e  i n  H20 and L O I .  No t r e n d s  were no ted  i n  o t h e r  major  
o x i d e s .  

The baked c l a y s t o n e s  had a  v e r y  f i n e  g r a i n e d  m a t r i x  t h a t  e x t i n g u i s h e d  i n  
two p r i n c i p a l  d i r e c t i o n s .  P o r e s ,  v o i d s ,  and v e i n l e t s  were commonly f i l l e d  
w i t h  c r y p t o c r y s t a l l i n e  q u a r t z .  I d e n t i f i c a t i o n  of i n d i v i d u a l  m i n e r a l s  became 
more d i f f i c u l t  w i  t h  i n c r e a s e d  a l t e r a t i o n ,  because  t h e  m i n e r a l s  had r e c r y s t a l -  
l i z e d  and showed i n d e f i n i t e  b o u n d a r i e s ,  w i t h  f low banding and g l a s s  sometimes 
o b s e r v a b l e  i n  t h i n  s e c t i o n .  



DEPOSITIONAL ENVlRONMENTS OF KENAI GROUP COA1,S 

S o l ~ r c e  a r e a s  a d j a c e n t  t o  b a s i n s  of t h e  S u s i t n a  lowland were r e j u v e n a t e d  
d u r i n g  L a t e  Cretaceous  and e a r l y  T e r t i a r y  t ime. P e r i o d i c  o r  g radua l  u p l i f t  
conver ted  b a s i L n i  f l o o d  p l a i n s  i n t o  ccal - forming environments  by l a t e  Oligo- 
cene t o  mjddle Miocene t ime ,  when t h e  Tyonek Formatiorl was d e p o s i t e d .  Vege ta l  
and woody m a t e r i a l s  accumulated,  and p e a t  formed i n  t h e s e  s t a g n a n t  d e p o s i t i o n -  
a l  a r e a s .  The ground-water t a b l e  g r a d u a l l y  r o s e ,  and t h e  sediment supp ly  was 
r e s t r i c t e d ,  which a l s o  promoted p e a t  fo rmat ion .  

Subsidence r a t e s  v a r i e d  from a r e a  t o  a r e a ;  g r a d u a l  subs idence  w i t h  p e r i -  
o d i c  s t i l l s t a n d s  r e s u l t e d  i n  fo rmat ion  of c o a l  swamps i n  p a l e o t o p o g r a p h i c a l l y  
low a r e a s  between f l o o d  even t s .  A t  any one t ime ,  p e a t  o r  c o a l  would have been 
forming i n  r e l a t i v e l y  sma1.l a r e a s  of t h e  r e g i o n ,  a s  evidenced by t h e  l a c k  of 
e x t e n s i v e  l a t e r a l  c o ~ t i n u i t y  of t h e  seams. Coal.-seam p a r t i n g s  a l s o  r e v e a l  
nonuniform c o n d i t i o n s  over  t h e  S u s i t n a  lowland end i n d i c a t e  l a t e r a l  s h i f t i n g  
of swamps and o t h e r  subenvironments.  

T e r t i a r y  coa l -bear ing  s t r a t a  of t h e  Kenai Group i n  t h e  S u s i t n a  lowland 
have c h a r a c t e r i s t i c s  common t o  many c o n t i n e n t a l  f l u v i a l  models ( s e e  p l .  2 ) .  
These p r e d i c t i v e  pa leoenv i ronmenta l  models a r e  u s e f u l  a s  e x p l o r a t i o n  t o o l s  
( f o r  example, Worne and o t h e r s ,  1978) t o  i n d i c a t e  d r i l l  s p a c i n g  d u r i n g  d e s i g n  
of d r i l l i n g  programs. A s  channe l s  and b a s i n  margins a r e  approached, a  c l o s e r  
spac ing  i s  r e q u i r e d  t o  d e l i n e a t e  seam v a g a r i e s  (Howell and Ferm, 1980).  The 
t h i c k e s t  seams i n  a  p a r t i c u l a r  d e p o s i t i o n a l  b a s i n  u s u a l l y  occur  n e x t  t o  depo- 
c e n t e r s  and t h i n  toward t h e  p e r i p h e r y .  Th icker  c o a l s  w i t h i n  t h e  c o n t i n e n t a l  
f l u v i a l  sys tem tend  t o  p a r a l l e l  t h e  d e p o s i t i o n a l  d i p  (Ryer, 1981). Paleoen- 
v i ronmenta l  models a r e  u s e f u l  a s  w e l l  i n  a s s e s s i n g  c o a l  q u a l i t y  and overburden 
c h a r a c t e r i s t i c s  d u r i n g  mine p lann ing  and i n  p r e d i c t i n g  g e o l o g i c ,  geochemical  
( i n c l u d i n g  hydrogeochemical) ,  and env i ronmenta l  problems d u r i n g  mining and 
r e c l a m a t i o n .  

F l u v i a l  d e p o s i t i o n a l  environments  and subenvironments ( n a t u r a l  l e v e e s ,  
p o i n t  b a r s ,  l a k e s ,  I n c u s t r i r e  d e l t a s ,  abandoned-channel f i l l s ,  c r e v a s s e  s p l a y s  
and backswamps) influenced coal-seam and overburden c h a r a c t e r i s t i c s  of t h i s  
regime ( f i g s .  27  and 2 8 ;  t a b l e  5 ) .  Backswamp d e p o s i t s  i d e a l l y  c o n s i s t  of b a s a l  
s e a t r o c k  (o f tc t t  u n d e r c l a y ) ,  c o a l ,  and o v e r l y i n g  carbonaceous s h a l e .  Discon- 
t i n u i t i e s  o r  s p l i t s  i n  c o a l  seams o f t e n  r e p r e s e n t  a n c i e n t  l e v e e  d e p o s i t s  of 
a c t i v e  channels,  i n c l u d i n g  c r e v a s s e  s p l a y s ,  and l o c a l ,  pod-shaped c o a l  b o d i e s  
commonly r e p r e s e n t  accumulat ions  of o r g a n i c  m a t e r i a l  n e x t  t o  meander channe l s  
of l u s h l y  v e g e t a t e d  a n c i e n t  f l o o d  p l a i n s .  Rapid s e d i m e n t a t i o n  d u r i n g  f l o o d s  
b u r i e d  t h i s  v e g e t a t i o n  and f r e q u e n t l y  p r e s e r v e d  u p r i g h t  stumps o r  k e t t l e s  
(Horne and o t h e r s ,  1978;  f i g .  29). 

Dickinson and CanpScIl (1978) p o i n t e d  t o  c e r t a i n  d e p o s i t i o n a l  environ-  
ments f o r  T e r t i a r y  KenaL Group sedimentary  rocks  i n  t h e  P e t e r s  H i l l s  and F a i r -  
view Mountajn a r e a s  (most l i k e l y  Tyonek Formation) of t h e  S u s i t n a  lowland and 
concluded t h a t  some of t h e s e  congiomerates  and sands tones  i n d i c a t e  near-source  
d e p o s i t i o n  i n  mudflows and proximal  b ra ided-s t ream systems on a l l u v i a l  f a n s ,  
whereas o t h e r  conglomerates  and sands tones  of t h i s  r e g i o n  a r e  c h a r a c t e r i s t i c  
of d i s t a l  braided-channel and f l o o d - p l a i n  d e p o s i t s .  They r e p o r t e d  t h a t  t h e s e  
rocks  a r e  t y p i c a l l y  a r k o s i c ,  o x i d i z e d  a t  t h e  s u r f a c e ,  and composed mainly  of  



Depositional 
Description Lithology environment 

Coal with clay split. 
Seat rock, clayey. 

BACKSWAMP 

LEVEE 
Sedqtone, and siltstone 
chmbing npples, rooted: 

Sandstone. medium- to 
coarse-grained, festoon 
cross-bedded. 

CHANNEL 

FLOOD-PLAIN 
Coal with seat-rock splits. BACKSWAMP 
Seat rock, silty. 

Sandstone and siltstone. 
LEVEE 

climbing ripples, rooted. 

CHANNEL 
Sandstone, medium- to 
coarse-grained. trough 
cross-bedded. 

Conglomerate lag, 
siderite pebbles. 
Slumps. 

LAKE 

Siltstone, thin-bedded. 
FLOOD-PLAIN 

Coal with clay splits. BACKSWAMP 

F i g c r e  27. Genera l i zed  
v e r t i c a l  sequence of 
c o n t i n e n t a l  f l u v i a l  
d e p o s i t s .  Modified 
from Horrie and o t h e r s  
(1978).  

q u a r t z ,  p l a g i o c l a s e ,  and l e s s e r  o r t h o c l a s e .  Carbonaceous mudstone, c l a y s t o n e ,  
and c o a l  formed i n  i n t e r c h a n n e l  l a c u s t r i n e  and p a l u d a l  a r e a s .  The mudstone 
and c l a y s t o n e  c c n t a i n  abundant i l l i t e  and c h l o r i t e  c l a y  m i n e r a l s ,  w i t h  minor 
s i d e r i t e  and ca lc ium c a r b o n a t e  c o n c r e t i o n s .  

A s m a l l  s y n c l i n a l  b a s i n  e a s t  of Beluga Lake i n  t h e  S u s i t n a  lowland con- 
t a i n s  a  t h i c k  c o a l  seam t h a t  may r e p r e s e n t  a l a c u s t r i n e  c o a l  ( f i g .  30) ;  i t  i s  
s i m i l a r  t o  t h e  b a s i n - c e n t e r  c o a l  and f r i n g i n g  marg ina l - sha le - fac ies  l a c u s t r i n e  
model proposed by Hacquebard and Donaldson (1969) f o r  b a s i n s  i n  Nova S c o t i a .  

Channels ( r e p r e s e n t e d  now by c h a n n e l - f i l l  d e p o s i t s )  d i r e c t l y  a f f e c t  t h e  
m i n a b i l i t y  of a  p a r t i c u l a r  c o a l  seam (Horne and o t h e r s ,  1978) ;  t h e y  a r e  con- 

LEVEE SWAMP POINT BAR 
I 1 I 0 Sandstone 
I I I 

Siltstone and shale -- --- 

Pebble lag 

Coal 

Rooting 

Trough cross-beds 

@ Bedding planes 

F igure  28. Block diagram of c o n t i n e n t a l  f l u v i a l  environments  t y p i c a l  of t h e  
S u s i t n a  lowland. Modified from Horne and o t h e r s  (1978).  



t emporaneous  w i t h  o r  p o s t d a t e  p e a t  a c c u m u l a t i o n .  A s m a l l  pa le .ochanne1 i n  a  
secti .011 of t h e  Tyonek Forma t ion  n e a r  t h e  w e s t e r n  margirl  of t h e  S u s i t r l a  lowland 
h a s  e r o d e d  much o f  a S a t u r d a y  Creek  c o a l  seam. 

Most c j t r a t i g r a p h i c  s e q u e n c e s  w i t h i n  t h e  Tyonek Forma t ion  of t h e  Kenai  
Group dLsp lay  a  finring-upward c h a r a c t e r .  A l though  a t  some l o c a l e s  t h e  fonna-  
t i o n  d i s p l a y s  c - y c l i c  c t i a r a c t e r i s t  i c s ,  t h e s e  a r e  n o t  c l a s s i c  c y c l o t h e m s .  A 
t y p i c a l  f u l l  c y c l i c  s equence  i n c l u d e s  ( f rom bo t tom t o  t o p )  c o n g l o m e r a t e ,  o f t e n  
a n  immature p e t r o ~ n i c t i c  c o n g l o m e r a t e ;  p e b b l y ,  v e r y  c o a r s e  g r a i n e d  s a n d s t o n e ;  
medium- t o  c o a r s e - g r a i n e d  s a n d s t o n e ;  f i n e - g r a i n e d  s a n d s t o n e ;  f i n e - g r a i n e d  
s a n d s t o n e  i n . t e r b e l d e d  w i t h  s h a l e  and s i l t s t o n e ;  u n d e r c l a y ,  c a r b o n a c e o u s  s h a l e ,  
o r  s i l t s t o n e ;  and c o a l .  A c o m p l e t e  c y c l e  i.s e x t r e m e l y  r a r e  b e c a u s e  o f  e r o s i o n  
and t r u n c a t i o n ,  F u l l  s e q u e n c e s  a r e  p r e d i c t e d  t o  o c c u r  r ~ e a r e r  t h e  d e p o s i t i n g  
c h a n n e l  (Duff and o t h e r s ,  1 9 6 7 ) .  

Table 5. Criteria for recognition of fluvial depositional environments 
(fronl Horne and others, 1978). 

Ckaracteristic Frequency 
- - - --- -- -- -- 

Coarsening upward 
Shale and siltstone secluences 

Greater than 50 ft 
5 t o  25 f t  

S a ~ ~ d s t o n e  sequences 
Greater than 50 ft 
5 t o  25 f t  

Channel deposits 
Fine-grained aba~ldonecl fill 

Clay and silt 
Organic debris 

Active sandstone fill 
Fine grained 
Medium and coarse grained 
Pebble lags 
Coal spar 

Contacts 
Abrupt (scour) 
Gradational 

Cross-beds 
Ripples 
Ripple drift 
Herringbone festoon 
Gracled beds 
Point bar accretioi~s 
Irregular bedding 

Levee tleposits 
Mi~zeralogy of sandstones 

Lithic graywacke 
Orthocluartzites 

Fossils 
Marine 
Braclrish 
Fresh 
Burrow structures 

Common to rare 
Not present 
Common to rare 
Rare t o  absent 
Absent 
Rare 

Rare 

Abundant 
Common 
Abundant 

Common to rare 
Abundant 
Coinmon 
A b u ~ d a n t  to  common 
Abundant 
Rare 
Abundant 

Absent 

Rare 
Common t o  rare 
Rare 



F i g u r e  29. In -p lace ,  u p r i g h t  
t r e e  stump i n  woody c o a l  
(Beluga Format ion)  a l o n g  
t h e  Beluga R i v e r ,  s o u t h e r n  
S u s i t n a  lowland.  Photo  by 
J . G .  Clough, 1981. 

These c y c l e s  r e s u l t  from s h i f t s  of channe l  and sediment  d e p o s i t i o n  a c r o s s  
a n  a l l u v i a l  p l a i n .  The c o a r s e r  b a s a l  u n i t s  r e p r e s e n t  l a t e r a l - a c c r e t i o n  depos- 
i t s  and a r e  commonly croesbedded.  The u p p e r ,  f i n e r  g r a i n e d ,  u n i t s  r e p r e s e n t  
overbank and l a k e  o r  swamp d e p o s i t s .  A s  proposed,  t h e  flow-regime i n t e n s i t y  
p r o g r e s s i v e l y  d e c r e a s e s  upward i n  t h e  s e c t i o n .  

C y c l i c i t y  i n  t h e  S u s i t n a  lowland was b e s t  p r e s e r v e d  a t  F a i r v i e w  Mountain 
( s h e e t s  1 and 2 ;  app.  C ) .  A s t a t i s t i c a l  Markov-chain a n a l y s i s  was a p p l i e d  t o  
t h e  sequence based on t h e  r e p e t i t i o n  of t h e  f i v e  major  rock  t y p e s  (conglomer- 
s t e ,  s a n d s t o n e ,  s h a l e ,  c l a y s t o n e ,  and c o a l ) .  The e n a l y s i s  fo l lowed  t h e  pro- 
cedure  o u t l i n e d  by Ginger ich  (1969)  f o r  Pa leocene  f l u v i a l  sed imenta ry  r o c k s  i n  
t h e  n o r t h e r n  Bighorn b a s i n  of Wyoming. Ca lcu l . a t ions  r e l a t e d  t o  t h e  a n a l y s i s  
of t h e  F a i r v i e w  Mountain s e c t i o n  a r e  i n c l u d e d  a s  appendix  D.  With X2 = 35.9 
and 15 d e g r e e s  of freedom, i t  i s  h i g h l y  improbable  t h a t  t h e  F a i r v i e w  Mountain 
sequence was d e p o s i t e d  by an independent  o r  non-Markovian mechanism; ev idence  
i n d i c a t e s  c y c l i c  s e d i m e n t a t i o n  i n  an  a l l u v i a l  environment  ( f i g .  31).  

These c y c l e s  i n d i c a t e  q u i e s c e n t  p e r i o d s  ( t e c t o n i c  l u l l s )  d u r i n g  t h e  
T e r t i a r y  P e r i o d  when l a r g e  a r e a s  of b a s i n  f l o o d  p l a i n s  became coal- forming 
swamps. These t e c t o n i c  l u l l s  were i n t e r r u p t e d  by p e r i o d s  of u p l i f t  and r e l a -  
t i v e l y  r a p i d  b a s i n  subs idence  accompanied by t h e  i n f l u x  of c l a s t i c  m a t e r i a l s .  
I n  g e n e r a l ,  t h e  T e r t i a r y  Per iod  was a  t i m e  of widespread b u t  d i s c o n t i n u o u s  
c o a l  f o r m a t i o n  i n  t h e  S u s i t n a  lowland.  C o n d i t i o n s  conducive  f o r  c o a l  forma- 
t i o n  were most f a v o r a b l e  d u r i n g  l a t e  Ol igocene t o  midd le  Miocene t ime ,  when 
t h e  Tyonek Formation was d e p o s i t e d .  
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F i g u r e  30. Geologic  c r o s s  s e c t i o n  of a  l a c u s t r i n e  d e p o s i t  i x i  t h e  Beluga c o a l f i e l d .  Lower i n s e t s  
(modified from W a r f i e l d ,  1962) show t h e  l o c a t i o n  of the d e p o s i t .  
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Figure 31. Probabilities of various 
transitions in lithology in a 
coal-bearing section of the 
Tyonek Formation, Fairview 
Mountain. 

Various workers have related the paleosalinity of strata to paleoenviron- 
mental interpretation; for example, to decipher marine transgressions and re- 
gressions. Couch (1971) calculated paleosalinities from boron and clay-mineral 
data. Rohor and Gluskoter (1973) used boron in illite as an indicator of paleo- 
salinity in Illinois coals; Berner and others (1979) used authigenic iron 
sulfides. 

Using exchangeable cations and water-soluble cations as paleosalinity 
indicators, Spears (1973; 1974) found that the concentration of exchangeable 
magnesium is higher in marine shales, and the concentrations of exchangeable 
calcium, sodium, and potassium lower, than in nonmarine and brackish shales; 
he correlated the changes in exchangeable cations to paleosalinity throughout 
the sequence and postulated that these changes more likely occurred during 
halmyrolysis (submarine weathering) than during diagenesis (1973, p. 79, 81). 
He proposed (1974) that high concentrations of water-soluble calcium and mag- 
nesium cations reflect marine-influenced envi.ronments, whereas low concentra- 
tions are diagnostic of freshwater and brackish-water paleoenvironments; 
sodium and potassium have reverse trends. 

Figure 32 shows considerable variation in the ammonium acetate extractable 
cations and total cation-exchange capacity (CEC) for a coal-bearing section in 
the Tyonek Formation near Peters Hills. Increases in extractable Mg++, Ca++, 
and K+ are mirrored by an increase in total CEC. Spears (1973) found a corres- 
ponding decrease in total CEC with increasing exchangeable magnesium. Changes 
in CEC are also directly related to changes in mineralogy; in this example, a 
reduction in CEC simply reflects a decrease in the amount of clay and is proba- 
bly related to provenance. The Peters Hills section was probably deposited in 
continental fluvial environments, and the variations are therefore not related 
to transitions with marine environments. 
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Figure 32. Variation in ammonium acetate extractable cations and total cation- 
exchange capacity (CEC) for a coal-bearing section in the Peters Hills 
area (east Yentna field, Tyonek Formation). 
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COAL PETRGL(1GY 

C o a l - p e l l e t  p r e p a r a t i o n  and p e t r o l o g i c  a n a l y s l s  

'Tht p rocedure :  of  t h e  I n t e r n a t i o n a l  C o n ~ m i t t e e  on C ~ a l  P e t r o l o g y  (1963) 
a ~ l d  t h e  termj.nol.ogy f o r  brown c o a l  f rom Stack1 and o t h e r s  (1975)  were  a d o p t e d  
f o r  t h i s  p e t r o l o g i c  a n a l y s i s  of S u s i t n a  l.ow%and c o a l s  ( tab1.e 6 ) .  A 50-8 
san?ple of e a c h  c o a l  (-20 mesh) was ltneaded w i t h  epoxy r e s i n  a s  a  b l r i de r  and 
b r i q u e t t e d  i n  3.2-cm-diam molds  w i t h  a  h y d r a u l i c  p r e s s  a t  4 ,000-5 ,000  p s i .  
The p e l l e t s  were  c o n s e c u t i v e l y  ground u s i n g  a  B u e h l e r  a u l o m e t ,  a  120-P diamond 
l a p ,  and a  30-IJ meta l -bonded diamond l a p ,  and t h e n  p o l i s h e d  i n  1- and 0.05-p 
a l u m i n u ~  o x i d e  s u s p ~ n s i o n s  ( 2  min e a c h  s t a g e ) .  

A S w i f t  p o i n t  c o u n t e r  was used  t o  q u a n t i t a t i v e l y  d e t e r m i n e  m a c e r a i s .  On 
e a c h  p e l l e t ,  1,OOC c o u n t s  were  made a l o n g  a  g r i d  t r a v e r s e .  The m a c e r a l  c o n t e n t  
was r e c o r d e d  on  a vo lume-pe rcen t  and m i n e r a l - m a t t e r - f r e e  b a s i s .  No s e p a r a t e  
c o u n t  was made f o r  1 - i p t i n i t e  niacera1.s arid f l u o r e s c e n t  humin i t e r ;  u n d e r  f l u o r e s -  
c e n t  i n c i c i e n c - l i g h t  e x c i t a t i o n ;  however ,  l i p t i n i t e s  were  s t u d i e d  u n d e r  b l u e  
u l t r a v i o l e t  l i g h t ,  arid r e p r e s e n t a t i v e  p h o t o m i c r o g r a p h s  of t h e  d i f f e r e n t  t y p e s  
were  t a k e n .  The f l u o r e s c e n c e  sys t em c o n s i s t e d  of a  L e i t z  SmLux m i c r o s c o p e  
w i t h  a  Ploempak f l u o r e s c e n c e  i n c i d e n t - l i g h t  i l l u m i n a t o r  and 100-W mercu ry  lamp 
f i t t e d  w i t h  an  1 2  cubc  !Rao and W o l f f ,  1 9 8 1 ) .  

R e f l e c t a n c e  measurements  were  made on a  L e i t z  O r t h o l u x  t r i o c u l a r - b o d y  
m i c r o s c o p e  equ ipped  w i t h  a n  MPV-3 s y s t e m  w i t h  a  m o t o r i z e d  d r i v e  s t a g e .  A 
s q u a r e - l e a f  d iaphragm wi.th a  5-p2 m e a s u r i n g  a r e a  on t h e  spec imen  was u s e d .  
I n  a d d i t i o n ,  a n  i n t e r i e r e n c e  f i l t e r  was f i t t e d  t o  g i v e  a  pe.ak t r a n s m i t t a n c e  a t  
546-nm w a v e l e n g t h .  Bausch and Lomb o p t i c a l  g l a s s e s  were  u sed  a s  r e f l e c t a n c e  
s t a n d a r d s .  The mean ~naximum r e f l e c t a n c e  of  u l m i n i t e  p a r t i c l e s  was measured  i n  
o i l  a l o n g  e q u a l l y  s p e c e d  t r a v e r s e s ;  100 measurements  were  made o n  e a c h  sample .  
B e f o r e  r e f l e c t a n c e  measurements  were  t a k e n ,  p o l i s h e d  p e l l e t s  we re  d r i e d  i n  a 
d e s i c c s t o r  (Kao and W o l f f ,  1981) .  

Mace ra l  c o m p o s i t i o n  

M a c e r a l s ,  t h e  o r g a n i c  c o n s t i t u e n t s  cP coa l - - ana logous  t o  m i n e r a l s  i n  
rocks - - a r e  i d e n t i f i e d  by t h e i r  d i a g n o s t i c  morphology and r e f l e c t a n c e ;  however ,  
t h e  r e s p e c t i v e  m a c e r a l  c o r r ~ p o s i t i o n  of a  c o a l  g i v e s  o n l y  p a r t  of a n  o v e r a l l  
p i c t u r e ,  b e c a u s e  o f  complex c h e m i c a l  composi . t ion  and m i n e r a l - m a t t e r  c o n t e n t .  
S t r u c t u r a l l y  i n t a c t  c e l l  wal1.s anc! r e l a t i v e l y  u n s t r r ~ c t u r e d  f i n e ,  g r a n u l a r  mat- 
e r i a l s  ( f o r  example ,  m i n e r a l  m a t t e r ,  f r a g m e n t e d  c h a r c o a l ,  and f u n g a l  r e m a i n s )  
somet imes  o c c u r .  A l though  t h e  m a c e r a l  c o m p o s i t i o n s  u s u a l l y  r e f l e c t  changes  i n  
t h e  p r i m a r y  v e g e t a t i o n  c o v e r ,  t h e r m a l  e f f e c t s  may remove l e s s  r e s i s t a n t  macer-  
a l s  s u c h  a s  e x i n o i d s  f rom t h e  a s s e m b l a g e .  The m a t e r i a l s  fo rming  p e a t s  a re  
s u b j e c t e d  t o  d i f f e r e n t  c o n l j . t i o n s  b e f o r e  b u r i a l  b e n e a t h  a  s ed imen t  c o v e r .  The 
c h a n g e s  t h a t  o c c u r  i n  t h e  e v e n t u a l  m a c e r a l  c o m p o s i t i o n s  u l t i m a t e l y  d e t e r m i n e  
t h e  c o a l ' s  q u a l i t y  and h e a t i n g  v a l u e .  

Mace ra l  c o r ~ ~ p o s i t i o n s  f o r  S u s i t n a  i owland  coa l  s amples  a n a l y z e d  i n  t h i s  
s t u d y  a r e  summarjzed i n  t a b l e  7 and on f i g u r e  33,  Raw c o a l s  f 1:0ni d i f f e r e n t  
a r e a s  w i t h i n  t h e  S u s i t n a  lowlarid h a v e  s i m i l a r  macerr?i.-group p r o p o r t i o n s .  
t iowever, t h e  r e l a t i v e  c o n t e n t s  of i n d i - v i d u a l  m a c e r a l s  and m a c e r a l  t y p e s  rcay 
v a r y  c o n s i d e r a b l y  w i t h i n  a  seam and among d i f f e r e n t  scans, a s  sho-cgn i n  pho to -  
m i c r o g r a p h s  o f  c o a l s  from t h e  r e g i o n  ( f i g s .  34 and 35) .  



Table 7.  Summary of maceral composition of 180 
coal samples from the Susitna Lowland. (Reported on 
a volume-percent, moisture- and ash-free basis.) 

Range (%) Mean (%) 

Ulminite 
Porigelinite 
Phlobaphinite 
Pseudophlobaphinite 
Humodetrinite 

Total huminite 

Fusinite 
Semifusinite 
Sclerotinite 
Macrinite 
Inertodetrinite 

Total inertinite 

Cutinite 
Sporinite 
Resinite 
Suberinite 
Alginite 

Total liptinite 

Huminite 

Figure 33. Ternary diagram for 
maceral-group compositions 
of Susitna lowland coal 
samples. 

Huminite macerals were by far the most abundant in coa1.s of the Susitna 
lowland; the huminite group typically accounted for 90 percent, and never < 7 5  
percent, of all macerals (see table 7). Ulminite, the main huminite to occur, 
was medium to light gray, generally uniform in structure and reflectance, and 
sometimes displayed desiccation cracks or microfractures. Texto-ulminite was 
partially gelified, and eu-ulminite was completely gelified. Corpohuminites 
occurred as phlobaphinite (primary cell infillings) and pseudophlobaphinite 
(secondary cell infillings). Pseudovitrinite was extremely rare and was not 
identified. According to Rao and Wolff (1981), humodetrinite content (finely 
dispersed humic debris) is most abundant in the top seam of a coal-bearing 
sequence. They postulated that the changing paleoenvironmental regime caused 
physical degradation of humic matter and ended conditions conducive to coal 
formation. This trend was not well established in most Susitna lowland 
coal-bearing sequences but was observed in some coal-bearing sections. 

Mean-maximum-reflectance values for all coals as measured from ulminite 
macerals are listed in appendix By table B-3, compared by respective ASTM 
(American Society of Testing and Materials) rank in table B-4, and summarized 
in figure 36.  Reflectance values ranged from 0.23 to 0.45 percent, which 
confirms that most coals are subbituminous to lignitic. Little variation 
occurred in the reflectance values within a seam or among seams. 

Inertinites commonly occurred as minor constituents in Susitna lowland 
coals. However, several seams, particularly those in the northern Yentna 
coalfield at Fairview Mountain and in the Peters Hills area, yielded samples 
with inertinitic contents of more than 18 percent by volume on a mineral- 
matter-free basis (see table 7). These inertinites were typically white or 



v e r y  l i g h t  g ray  and b r i g h t  i n  normal i n c i d e n t  l i g h t  and e x h i b i t e d  t h e  h i g h e s t  
r e f l e c t a n c e  of  a l l  t h e  macera l s .  M a c r i n i t e ,  f u s i n i t e ,  and s e ~ i i f u s i n i t e  pre-  
aominated,  bu t  i n e r t o d e t r i n i t e  ( d i s p e r s e d  c l a s t i c  f ragments  of i n c r t i n i t e )  
and s c l e r o t i n i t e  (hard f u n g a l  remains u s u a l l y  i n  young c o a l s ,  a s  t h o s e  of t h e  
T e r t i a r y  P e r i o d )  were a l s o  observed.  S c l e r o t i a  were rounded o r  e l l i p t i c a l ,  
w i t h  lumens o r  c e v i t i e s  o c c a s i o n a l l y  c o n t a i n i n g  r e s i n i t e ,  p y r i t e ,  o r  o t h e r  
miners1 m a t t e r .  M i c r i n i t e  was n o t  i d e n t i f i e d  i n  c o a l s  of t h i s  r e g i o n .  

The i n e r t i n i t e s  were a f f e c t e d  by more i n t e n s e  p h y s i c a l  and chemical  
a l t e r a t i o n  t h a n  were t h e  h u m i n i t e s ,  bu t  bo th  a r e  c h i e f l y  d e r i v e d  from wood 
and bark .  The i n e r t i n f t e s  may have been a t t a c k e d  by b a c t e r i a  b e f o r e  b u r i a l .  
F u s j n i t i c  an2 s e m i f u s i n i t i c  components c o n s i s t e d  of c h a r c o a l  and o t h e r  par-  
t i a l l y  burned m a t e r i a l s .  These macera l s  a r e  t h e r m a l l y  r e s l s t a n t  and i n e r t ;  
hence,  t h e y  a r e  n o t  e a s i l y  o x i d i z e d  o r  hydrogenated.  Rao and Wolff (1981) 
iound t h a t  t h e  c o n c e n t r a t i o n  of i n e r t  macera l s  i n c r e a s e d  from t h e  b a s e  t o  
t h e  t o p  of a g iven  seam, and t h e y  b e l i e v e d  t h i s  t r e n d  t o  r e f l e c t  a  g r a d u a l  
change t o  a  d r i e r  pa leoenv i ron~nen t  d u r i n g  c o a l  fo rmat ion .  

L i p t i n i t e s  ( e x i n i t e s )  i n  S u s i t n a  lowland c o a l  samples ranged t o  about  1 2  
p e r c e n t  by volume on a  minera l -mat te r - f ree  b a s i s  ( t a b l e  7 ) .  R e s i n i t e  and sub- 
e r i n i t e  were t h e  most abundant.  L i p t i n i t e s  have t h e  lowest  r e f l e c t a n c e s  of a l l  
macera l s .  They a r e  b l a c k  t o  d a r k  g ray  i n  normal i n c i d e n t  l i g h t ,  bu t  f l u o r e s c e  
under  b l u e - l i g h t  i r r a d i a t i o n .  L i p t i n i t e s  s h a r e  broad chemical  a f f i n i t i e s ,  such 
a s  r e l a t i v e l y  h igh  hydrogen and v o l a t i l e  c o n t e n t s ;  compared w i t h  o t h e r  macera l  
g roups ,  t h e y  have a  h i g h e r  c o n c e n t r a t i o n  of a l j p h a t i c  s u b s t a n c e s  such a s  t a r .  
L i p t i n i t e s  can r e p r e s e n t  d i v e r s e  c o a l  componerlts t h a t  range from s p o r e  and 
p o l l e n  e x i n e s  and p e r i n e s  t o  c u t i c l e s ,  a l g a e ,  and o t h e r  r e s i n o u s  s u b s t a n c e s ,  
and t a n n i n  d e r i v a t i v e s  (Spackman and o t h e r s ,  1976) .  

R e s i n i t c  o c c u r r e d  as c e l l  f i l l i n g s  of lumens, o r  a s  s e c r e t i o n s ,  and some- 
t imes  a s  i s o l a t e d ,  e l o n g a t e ,  o r  s p h e r i c a l  b o d i e s ;  r e s i n i t e  t y p i c a l l y  d i s p l a y s  
an  o range  f l u o r e s c e n c e .  E x s u d a t i n i t e ,  i n c l u d e d  w i t h  r c s i n i t e ,  commonly f i l l s  
c r a c k s  i n  v i t r i n i t e  ( u l m i n i t e ) ,  c e l l  lumina of f u s i n i t e ,  o r  chambers of s c l e r -  
o t i n i t e  (Spackman and o t h e r s ,  1976) .  S u b e r i n i t e  i s  common i n  T e r t i a r y  c o a l s  
and o r i g i n a t e s  from c o r k  c e l l  w a l l s ,  mainly  i n  b a r k  and r o o t  t i s s u e .  Yellow 
s t r i n g e r s  ( i n  f l u o r e s c e n t  l i g h t )  of c u t i n i t e  were t y p i c a l l y  c r e n u l a t e d  o r  s e r -  
r a t e d  on one s i d e ,  t h i n  w a l l e d  ( t e n u i c u t i n i t e )  o r  t h i c k  wal led  ( c r a s s i c u t i n i t e ) ,  
and sometimes f o l d e d .  S p o r i n i t e  occur red  a s  f l a t t e n e d  e l o n g a t e  b o d i e s  w i t h  
s l i t t e d  c e n t e r s .  A l g i n i t e s  (p rese rved  a l g a l  remains)  were r a r e  i n  t h e  S u s i t n a  
lowland c o a l  samples ;  a l g i n i t e s  f l u o r e s c e  ye l low under  b l u e - l i g h t  i r r a d j a t i o n .  

Hydrogenation ( i n c r e a s i n g  t h e  hydrogen c o n t e n t  of a  c o a l )  i s  v i t a l  t o  t h e  
1 . iquefac t ion  and g a s i f i c a t i o n  p r o c e s s e s .  G e n e r a l l y ,  t h e  v i t r i n i t e  and e x i n i t e  
components of a  c o a l  can be hydrogenated b u t  i n e r t i n i t e s  cannot ;  f u r t h e r  p e t r o -  
l o g i c  and c h a r a c t e r i z a t i o n  r e s e a r c h  w i l l  h e l p  de te rmine  p o t e n t i a l  a l t e r n a t i v e  
u s e s  and b e n e f i c i a t i o i l  p r o c e s s e s  t h a t  can be a p p l i e d  t o  S u s i t n a  lowland c o a l s .  

Paleoenvironmental  i n t e r p r e t a t i o n  
f o r  macera l  composit iorls  and a s s o c i a t i o n s  

Paleoenvironmental  i n t e r p r e t a t i o n  from c o a l  p e t r o l o g y  beg ins  w i t h  an 
unders tand ing  of t h e  concept  of m i c r o l i t h o t y p e s - - a s s o c i a t i o n s  of macera l s  of 
t h e  same group o r  a s s o c i a t i o n s  w i t h  those  from o t h e r  macera l  groups .  They can 



a.  P h l o b a p h i r i i t e  and  p o r i g e l i n i t e  b.  P s e u d o p h l o b a p h i n i t e s  
(PA3-lp; mag. 400X) . (CC3-3p; mag. 250X) . 

c .  P h l o b a p h i n i t e  c e l l  f i l l i n g s  
and  t h i c k  s u b e r i n i t e  c e l l  
w a l l s  (PA3-lp; mag. 400X). 

d .  S p o r i n i t e s  i n  u l m i n i t e  
(JC3-5; mag. 625X) .  

F i g u r e  34.  Pho tomic rographs  of T e r t i a r y  (Tyonek Forma t ion )  c o a l s  f rom Coal  
Creek  (Beluga  f i e l d ) ,  Johnson  Creek ,  and P e t e r s  H i l l s  a r e a  (Yentna  
f i e l d )  showing h u m i n i t e  and l i p t i n i t e  m a c e r a l s  ( o i l  immers ion ) .  
P h o t o g r a p h s  by R.D. Merritt, 1982. 



a .  F u s i n i t e  (CC3-4; mag. 315X). 

c.  S c l e r o t i n i t e ,  u lmi r l i t e  and 
p o r i g e l i n i t e  (BB1-lp; mag. 315X). 

F i g u r e  35. Photomicrographs  of T e r t i a r y  
t i o n ,  Beluga f i e l d )  , Coal  Creek (Ty 
F a i r v i e w  Mountain (Tyonek Format ion 
i n e r t i n i t e  m a c e r a l s  ( o i l  immersion) 

b. F u s i n i t e  w i t h  b o g c r ~  s t r u c t u r e  
(FM2-1; mag. 400X). 

d .  Fungal  s p o r e s  w i t h  m i n e r a l  
m a t t e r  and humic m a t e r i a l  

(CC3-4p; mag. 625X). 

c o a l s  from Beshta  Bay (Beluga Forma- 
onek Format ion,  Beluga f i e l d ) ,  and 
, Yentna f i e l d )  showing predominant . Photographs  by R . D .  M e r r i t t ,  1982. 
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of samples 
F i g u r e  36. Histogram of v i t r i n i t e  

r e f l e c t a n c e  f requency  ( Y )  a s  
w-easured from u l m i n i t e  m a c e r a l s  
i n  c o a l  samples from t h e  S u s i t n a  
lowland.  Numbers i n  b r a c k e t s  
i n d i c a t e  t o t a l  number of g r a i n s  
me.asured a t  a  g iven  r e f  1-ectance  
i n t e r v a l ;  V = r e f l e c t a n c e  c l a s s .  

be morlomaceralic ( ~ n i c r o l . i t h o t y p e s  t h a t  c o n t a i n  macera l s  of on ly  one g r o u p ) ,  
b i m a c e r a l i c  (wi th  macera l s  of two g r o u p s ) ,  o r  t r i m a c e r a l i c  (macera l s  of t h r e e  
g r o u p s ) .  Tab le  8 s u m m a r i z e s  t h e  m i c r o l i t h o t y p e s  (S tach  and o t h e r s ,  1975) t h a t  
compose t h e  macroscopic  l i t h o t y p e s :  v i t r a i n ,  c l a r a i n ,  d u r a i n ,  and f u s a i n .  

Coal samples from t h e  S u s i t n a  lowland were n o t  c o l l e c t e d  a t  v e r t i c a l  o r  
l - a t e r a l  i n t e r v a l s  c l o s e  enough t o  p e r m i t  d e t a i l e d  i n t e r p r e t a t i o n  of f a c i e s  
changes w i t h i n  t h e  c o a l  seams; t h e r e f o r e ,  t h e  main m i c r o l i t h o t y p e s  were  v e r y  
g e n e r a l l y  de te rmined  by s e l e c t i v e l y  c o u n t i n g  t h e  m a c e r a l  a s s o c i a t i o n s  on t h e  
p o l i s h e d  p e l l e t s  and by i n t e r p r e t i n g  t h e  e x t e n s i v e  maceral -composi t ion d a t a  
c o l l e c t e d .  D i f f e r e n t  groups  of m i c r o l i t h o t y p e s  were s u b d i v i d e d  i n t o  i n d i v i d -  
u a l  m i c r o l i t h o t y p e s  based on t h e s e  macera l  a s s o c i a t i o n s  (S tach  and o t h e r s ,  
1975) .  V i t r i t e  was t h e  dominant m i c r o l i t h o t y p e ,  w i t h  c l a r i t e  t h a t  c o n t a i n s  
minor i n t e r b a n d s  of v i t r i n e r t i t e  and t r i m a c e r i t e  ( d u r o c l a r i t e ) .  Wil l iams and 
Ross (1979) found s i m i l a r  inacera l  compos i t ions  and m i c r o l i t h o t y p e s  i n  Eocene 
bi tuminous  c o a l s  from t h e  Tulameen c o a l f i e l d  of  B r i t i s h  Columbia. They a l s o  
found t h a t  v i t r i t e  was t h e  dominant m i c r o l i t h o t y p e ,  w i t h  c l a r i t e  t h a t  con- 
t a i n e d  minor i n t e r b a n d s  of t r i m a c e r i t e  ( c l a r o d u r i t e )  and d u r i t e .  From t h e i r  
macera l  d e t e r m i n a t i o n s ,  they  proposed t h a t  t h e  coal - forming p e a t s  developed 
i n  a  fores t -moor  environment i n  a  p o o r l y  d r a i n e d ,  low-lying b a s i n  n e x t  t o  an  
e r o d i n g  upland i n  a warm, mois t  c l i m a t e .  

When Cohen (1973) r e l a t e d  p r e c u r s o r  p e a t  t y p e s  t o  e v e n t u a l  c o a l  composi- 
t i o n ,  he  d i f f e r e n t i a t e d  two major p e a t  groups:  ( I )  he rbaceous  p e a t s ,  which 
produce mass ive ,  un lamina ted ,  d u l l  c o a l ;  and ( 2 )  t r e e - v e g e t a t i o n  p e a t s ,  which 
r e s u l t  i n  b r i g h t e r ,  l amina ted  c o a l .  He found t h a t  he rbaceous  p e a t s  a r e  lower  



Table 8.  Summary o f  microlithotypes ( f r o m  Stach and others,  1975, p. l lO) .a  

Maceral 
composition 
(mineral-free) 

Maceral-group 
composition Microlithotype 

h'Iicrolithotype (mineral-free) @OUP 

Monomaceral 

V >95% Vitrite 

Sporite 
( C i ~ t i t e ) ~  
( R e ~ i t e ) ~  E (L)  >95% Liptite 
Algite 

Semifusite 
Fusite I >95% 
(Sclerotiteja 
Inertocletrite 
(hlacroite)" 

Bimaceral 

Sporoclarite 
Cuticoclarite 
( R e ~ i n o c l a r i t e ) ~  

V + E ( L )  >95% 

Inertite 

Trimaceral 

> 5% Duroclarite V > I ,  E ( L )  
Vitrinertoliptite E > I , V  
Claroduritc I > V , E ( L )  

Ciarite 
v ,  E(L) 

>9 5% 
>9 5% 
>95% 
>95% 
>95% 
>95% 
>95% v + I >95% 
>95% 
>95% 
>95% S ~ o r o d u r i t e  
>.95% ( C ~ t r i c o d i i r i t e ) ~  
>95% (Resinoduriteja I + E (L) >95% Durite 
>95% I, E(L)  

Vitrinertite 

v, I 

Trimacerite 
v, I, E(L) 

a ~ e r ~ n s  in parentheses not nolrr in use. 
b~~ - Collinite; T - Telinite; VD - Vitrodetrinite; S - Sporinite; Cu - Cutinite; R - Resinite; A - hlginite; LD - Lipt0detrinit.e; hI - Macrinite; 

Sf - Semifusinite; F - Fusitlite; Sc - Sclerotinite; ID - Inertodetrinite; V - Vitrinite; F - Fusinite; L - Liptinite; I - Inertinite; E - Exinite. 

i n  p r o r c s i n i t e s  ( c e l l  f i l l i n g s  and s e c r e t i o n s ) ,  f u s i n i t e  ( c l ~ a r c o a l )  , and p r e -  
s c l e r o t i n i t e s  ( f u n g a l  r e m a i n s )  b u t  a r e  h i g h e r  i n  p r e m i c r i n i t e s  ( f i n e  g r a n u l a r  
d e b r i s ) .  T r e e - v e g e t a t i o n  p e a t s ,  however ,  have  a  h i g h e r  p e r c e n t a g e  of  p r e r e s i n -  
i t e s ,  p r e s c l - e r o t i n i t e s ,  and f u s i n i t e  b u t  a  lower  p e r c e n t a g e  o f  p r e m i c r i n i t i c  
m a t e r i a l s .  On t h e  b a s i s  of t h i s  s u b d i v i s i o n ,  most  S u s i t n a  lowland  c o a l s  prob- 
a b l y  formed f rom t r e e - v e g e t a t i o n  p e a t s .  

The d e t e r m i n a t i o n  of t h e  pa l eoenv i ronmen t  i n  which  a  coal . -forming p e a t  
deve loped  e x t e n d s  back  t o  a  c l a s s i c  p a p e r  by  Hacquebard and Donaldson (1969), 
who d e s c r i b e d  how f l o o d - p l a i n  and l i m n i c  env i ronmen t s  i n  Nova S c o t i a  were  r e -  
l a t e d  t o  c o a l  d e p o s i t i o n  d u r i n g  C a r b o n i f e r o u s  t i m e  ( t a b l e  9 ) .  Hacquebard and 
Dnnaldson n o t e d  t h a t  coa l - fo rming  m a t e r i a l s  can  accumula t e  i n  p l a c e ,  t o  form 
a u t o c h t h o n o u s  c o a l s ,  o r  can  b e  t r a n s p o r t e d  t o  a n o t h e r  r e g i o n  and a c c u m u l a t e  t o  



Table 9 .  Chie f  characteristics o f  a ~ ~ t o c h t h o t ~ o u s  and ~ l l o c h i h o ~ ~ o ~ ~ s  coals (~norlifiecl Porn Hacqitebard and Donaldson,  
1969) .  

Autochthonous  coals Alloc!~thonous coals 

a .  Seams typically rest o n  underclays 
I). Occurrence of upright and rooted fossil trees 
c. Minor fluclualions in ash content  bo th  within and 

between seains 
d .  Wide distribution of seams and relatively uniform 

thickness of individual benches over large areas 
in to  dark-gray or black shales 

e. Excellent preservation of delicate plant organs 
(such as leaves) in roof shales 

f. Presence of vitrain, clarain, durain,  and fusain, and 
excellent preservation of macerals. 

a .  Cominon absence of underclays 
11.  Absence of upright trees 
c .  Relatively high percentages o f  ash 

d .  Pronouncecl variability in quality a n d  thickness of 
coals, which grade both  laterally and vertically 

e .  Scarcity of plant remains in roofs of coal seams and 
in intervening shales 

f. Consist predominantly o f  more  resistant macerals 
as corpocollinites and certain liptinites and of 
itlertinites with abundant  mineral mat ter .  

fo rm a l l o c h t h o n o u s  c o a l s .  Hypautochthonous  c o a l s  o r i g i n a t e  m a i n l y  f rom p l a n t  
d e b r i s  t r a n s p o r t e d  w i t h i n  t h e  g e n e r a l  a r e a  of i t s  g rowth ,  whereas  a l l o c h t h o n -  
ous  c o a l  seams form f rom p e a t s  d e p o s i t e d  a s  d r i f t e d  v e g e t a t i o n - - s p e c i f i c a l l y ,  
p l a n t  a c c u m u l a t i o n s  t h a t  d r i f t e d  o r  were  r a f t e d  i n t o  r e g i o n s  o t h e r  t h a n  t h o s e  
i n  which t h e y  o r i g i r - e l l y  grew. 

Ev idence  I n d i c a t e s  t h a t  most  S u s i t n z  lowland c o a l s  formed i n  p l a c e ,  b u t  
some c o a l s  e x h i b i t  c h a r a c t e r i s t i c s  o f  e a c h  group.  U p r i g h t  and r o o t e d  f o s s i l  
t r e e s  o c c u r  l o c a l l y ;  most l e a f  i m p r e s s i o n s  a r e  c o m p l e t e l y  i n t a c t  and i n d i c a t e  
no t r a n s p o r t .  Some S u s i t n a  lowland c o a l s  have  a c l a s s i c  u n d e r c l a y .  

Hacquebard and D o n a l d s o ~  ( 1 9 6 9 )  conc luded  t h a t  t h e  most f a v o r a b l e  l o c a -  
t i o n s  f o r  d e p o s i t i o n  o f  normal-banded a u t o c h t h o n o u s  c o a l s  i n  a  f l o o d - p l a i n  
env i ronmen t  a r e  i . n t e r d i s t r i b u t a r y  t r o u g h s  and l e v e e - f l a n k  d e p r e s s i o n s  a l o n g  
r i v e r  c h a n n e l s  o r  a r e a s  a s s o c i a t e d  w i t h  l a c u s t r i n e  s e d i m e n t a t i o n .  Coal. seams 
a s  t h i c k  a s  13.5 m a r e  c h a r a c t e r i s t i c  o f  t h e  l a t t e r ;  compact ion  r e s u l t s  i n  
s u b s i d e d ,  p o o r l y  d r a i n e d  a r e a s  f a v o r a b l e  f o r  f o r m a t i o n  of t h i c k  p e a t  d e p o s i t s  
(Hacquebard and Donaldson,  1 9 6 9 ,  p .  1 5 1 ) .  Accord ing  t o  t h e i r  model ,  d i s t r i b u -  
t i o n  and a c c u m u l a t i o n  o f  c l a s t i c  s e d i m e n t s  i n  a  f l o o d - p l a i n  env i ronmen t  a r e  
c o n t r o l l e d  by t h e  r i v e r ' s  c o u r s e  and t r a n s p o r t i n g  power. C o a r s e r  s e d i m e n t s  
a r e  d e p o s i t e d  i n  o r  n e x t  t o  t h e  c h a n n e l ,  p a r t i c u l a r l y  a s  n a t u r a l  1-evees; f i n e r  
g r a i n e d  s e d i m e n t s  a r e  c a r r i e d  i n t o  i n t e r d i s t r i b u t a r y  a r e a s  by ove rbank  f l o o d -  
w a t e r .  I n t e r a c t i o n  be tween f l u v i a l  s e d i m e n t a t i o n  and p e a t  d e p o s i t i o n  r e s u l t s  
i n  s p l i t s  o r  d i g i t a t i . 0 ~ ~  i n  seams and t h e i r  e v e n t u a l  ' p i n c h - o u t '  . Changes i n  
f l o o d - p l a i n  env i ronmen t s  a r e  accompanied by changes  i n  v e g e t a t i o n  and i n  t h e  
c o r r e s p o n d i n g  t y p e s  and abundances  of m a c e r a l s  p r e s e r v e d .  Rapid s u b s i d e n c e  
and e a r l y  b u r i a l  of p e a t  beds  r e s u l t  i n  e x c e l l e n t  p r e s e r v a t i o n  o f  m a c e r a l s .  

A t  e a c h  sample  l o c a t i o n ,  Hacquebard and Donaldson (1969) s u b d i v i d e d  t h e  
seam p r o f i l e  i n t o  p e t r c g r a p h i c  i n t e r v a l s  r e p r e s e n t i n g  t h e - r o c k  u n i t s .  Each 
i n t e r v a l .  was bounded by c l a s t i c  p a r t i n g s  o r  by d i s t i n c t i v e  d u l l  l a y e r s  w i t h  a 
r e l a t i v e l y  w i d e s p r e a d  c o n t i n u i t y  and a  c h a r a c t e r i s t i c  m i c r o s c o p i c  c o m p o s i t i o n .  
They e x p r e s s e d  ' t h e  a g g r e g a t e  thickne:;:; of i n d i v i d u a l  m i c r o l i t l ~ o t y p e s  as a  p e r -  
c e n t a g e  of  an  i n t e r v a l ' s  t o t a l  t h i c k n e s s  and p l o t t e d  t h o s e  p e r c e n t a g e s  on a  
four-component  ' f a c i e s '  d i ag ram ( f i g .  37 ) .  The v e r t i c e s  of t h e  t r i a n g l e s  
r e p r e s e n t  t h o s e  m i c r o l . i t h o t y p e s  ( o r  c o m b i n z t i o n s  t h e r e o f )  c h a r a c t e r i s t i c  t o  
s p e c i f i c  env i ronmen t s  i n  t h e  p e a t  hog.  
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F i g u r e  3 7 .  Fcur-component ' f a c i e s '  
d i ag ram o f  i n d i v i d u a l  m i c r o l i t h o -  
t y p e s  i n  d i f f e r e n t  p e t r o g r a p h i c  
i n t e r v a l  s .  Pt l i  = r e l a t i v e l y  d r y  
c o n d i t i o n s ,  a n  env i ronmen t  f o r  
t h e  f c r m a t i o n  of f u s i t o - c l a r i t e ;  
FM - an  env i ronmen t  f o r  d e p o s i -  
t i o n  of  v i t r i t c  and v i t r o - c l a r i t e ;  
RM = an  environment occupy ing  
t r a n s i t i o n a l  a r e a s  o f  r e e d  g r o w t h ,  
d e p o s i t i o n  o f  s p o r e - r i c h  c l a r i t e ;  
OM - an  envi ronment  f o r  d e p o s i -  
t i o n  o f  ma in ly  s u b a q u a t i c  c o a l s  
s u c h  a s  c a n n e l  and boghead and 
c e r t a i n  s p o r e - r i c h  c l a r i t e .  
Modif i.ed f rom Hacquebard anc! 
Donaldson (1969). 

A Spore-clar i te + duroc lar i te  
B Fus~to-c lar i te  
C V i t ro-c lar i te  + cut ic le  c lar i te  
D Claroduri te + du r i t e  + carbargi l i te 

F t M  Forest terrestr ial  moo r  
FM Forest moo r  
R M  Reed m o o r  
O M  Open moor  

They t h e n  a s s i g n e d  f o u r  d i a g n o s t i c  v e g e t a t i o n  zones  ( f o l l o w i n g  t h e  p roced-  
u r e  of Karmasin ,  1952) t o  t h e  c o r r e s p o n d i n g  v e r t i c e s  of  t h e  combined t r i a n g l e s ,  
t o  i l l u s t r a t e  t h e  p a l e o e n v i r o n m e n t a l  o r i g i n s  of  t h e  m i c r o l i t h o t y p e s .  F o r e s t -  
moor and reed-moor f a c i e s  o f  t h e  b r i g h t  c o a l  t r i a n g l e  formed i n  t h e  t e l m a t i c  
zone be tween h i g h  and low w a t e r  l e v e l s  (Osva ld ,  1937 ) .  S u b a q u a t i c  (open moor) 
d e p o s i t s  of t h e  l o w e s t  s e c t o r  of  t h e  d u l l - c o a l  t r i a n g l e  formed i n  t h e  l i m n i c  
zone ,  and t h e  two r e m a i n i n g  s e c t o r s  r e p r e s e n t  l i m n o - t e l m a t i c  d e p o s i t s .  

The m i c r o l i t k ~ o t y p e s  most  c l o s e l y  r e l a t e d  t o  t h e  S u s i t n a  lowland c o a l s  a r e  
t h o s e  i n  t h e  lower  ] . e f t  s e c t o r  o f  t h e  u p p e r  b r i g h t - c o a l  t r i a n g l e  ( s e e  f i g .  3 7 ) ;  
t h e s e  c o n t a i n  v i t r i n i t e  ( o r  h u m i n i t e )  and l i t t l e  s p o r i n i t e .  T h e  fo re s t -moor  
e n v i r o n m e n t ,  where v i t r i t e  and v i t r o - c l a r i t e  a r e  t h e  p redominan t  d e p o s i t s ,  i s  
t h e  t y p i c a l  d e p o s i t i o n a l  envi ronment  of most  S u s i t n a  lowland c o a l s  ( e s p e c i a l l y  
Tyonek ~ o r m a t i 6 n  c o a l s )  and o f  Tulameen f i e l d  ( B r i t i s h  Columbia)  c o a l s .  The 
v e g e t a t i o n  t y p e s  and t h e  c o n d i t i o n s  unde r  which t h e s e  p l a n t  m a t e r i a l s  were  
p r e s e r v e d  i n d i c a t e  t h a t  most  S u s i t n a  lowland  c o a l s  formed i n  a  t e l m a t i c  zone .  



Framboida l  p y r i t e  

Four m a j o r  morpho log ic  s p e c i e s  of  s e d i m e n t a r y  p y r i t e  o r  m a r c a s i t e  o c c u r  
i n  c o a l s  and t h e i r  a s s o c i a t e d  s e d i m e n t s :  (1 )  f r a m b o i d a l  p y r i t e ,  ( 2 )  e u h e d r a l  
g r a i n s ,  (3 )  c o a r s e - g r a i n e d  masses  (>25-p d i a m ) ,  which r e p l a c e  o r i g i n a l  p l a n t  
m a t e r i a l ,  and ( 4 )  c o a r s e - g r a i n e d  p l a t y  masses  o r  c l e a t s  t h a t  occupy j o i n t s .  
D i s s e m i n a t e d  e u h e d r a l  g r a i n s  ( u s u a l l y  1- t o  10-LI d iam)  and f r a m b o i d s  (>25-P 
diam) a r e  p r i m a r y - p y r i t e  v a r i e t i e s ;  c o a r s e - g r a i n e d ,  m a s s i v e ,  and r e p l a c e m e n t  
forms a r e  s e c o n d a r y .  F rambo ida l  p y r i t e  i s  a  m i c r o s o p i c  a g g r e g a t e  of  p y r i t e  
g r a i n s  i n  u n i q u e  ' r a s p b e r r y l i k e '  s p h e r o i d a l  c l u s t e r s .  The d i a m e t e r  of  e a c h  
m i c r o s p h e r e  v a r i e s  from 0 . 2 5  t o  1  p ,  and t h e s e  m i c r o s p h e r e s  compose s p h e r u l e s  
up t o  250 p diam. Groups of  f r a m b o i d a l  s p h e r e s  have  been  te rmed p o l y f r a m b o i d s  
( C a r u c c i o  and o t h e r s ,  1 9 7 7 ) .  P y r i t e  o r  m a r c a s i t e  a l s o  o c c u r s  a s  m i c r o c r y s t a l -  
l i n e  r o s e t t e s  ( f o r  example ,  a s  m i n u t e  o c t a h e d r o n s ) .  

F rambo ida l  p y r i t e  o c c u r s  i n  c o n t i n e n t a l - f l u v i a l ,  l o w - s u l f u r  c o a l s  of  t h e  
Kenai  Group ( f o r  example ,  Capps G l a c i e r  a r e a ,  F a i r v i e w  Mounta in ,  P e t e r s  H i l l s  
a r e a ,  and Wolver ine  Creek  s i t e s ) .  U n t i l  r e c e n t l y ,  t h e  o r i g i n  of  f r a m b o i d a l  
p y r i t e  seemed t o  i r ~ v o l v e  s u l f u r - r e d u c i n g  m a r i n e  o r  b r a c k i s h - w a t e r  m i c r o b i a l  
o r g a n i s m s ,  p a r t i c u l a r l y  b a c t e r i a .  However, f i n e - g r a i n e d  p y r i t e s  were  r e c e n t l y  
i d e n t i f i e d  i n  t i l l  ( S t e n e ,  1979) ,  u n c o n s o l i d a t e d  mud and a n c i e n t  s h a l e  (Czurda 
and o t h e r s ,  1 9 7 3 ) ,  and f r e s h w a t e r  s e d i m e n t s  ( D e l l ,  1975) .  O r g a n i c  m a t t e r  and 
a  r e d u c i n g  env i ronmen t  a r e  p r e r e q u i s i t e s  f o r  f r a m b o i d a l  p y r i t e  f o r m a t i o n ,  b u t ,  
c o n t r a r y  t o  p r e v i o u s  t h e o r y ,  s u l f u r - r e d u c i n g  b a c t e r i a  s u c h  a s  D e s u l f o v i b r i o  
d e s u l f u r i c a n s  ( B e r n e r ,  1969;  Sweeney and Kap lan ,  1 9 7 3 ) ,  which a r e  r e s t r i c t e d  
t o  m a r i n e  and b r a c k i s h  w a t e r s ,  a r e  p r o b a b l y  n o t  r e q u i r e d .  W i l l i a m s  and K e i t h  
(1963) found  t h a t  r o o f  s o c k  of m a r i n e  o r  b r a c k i s h - w a t e r  o r i g i n  c o n t a i n s  more 
s u l f u r  t h a n  roof  r o c k  of  f r e s h w a t e r  o r i g i n ,  and ,  i n d e e d ,  p y r i t e  morphology and 
g r a i n  s i z e  a r e  p a r t l y  c o n t r o l l e d  by t h e  geochemica l  r eg ime  i n  a n c i e n t  p e a t -  
swamp e n v i r o n m e n t s .  However, b e c a u s e  of t h e  r e c e n t  d i s c o v e r y  of f r a m b o i d a l  
p y r i t e  i n  a  v a r i e t y  o f  s e d i m e n t s ,  p a l e o e n v i r o n m e n t a l  i n t e r p r e t a t i o n s  c a n n o t  be  
based  s o l e l y  on t h e i r  p r e s e n c e .  

Most S u s i t n a  lowland  c o a l s  c o n t a i n  c 0 . 4  p e r c e n t  s u l f u r  ( t a b l e  1 0 ) ;  t h u s ,  
c l . ean ing  c o a l  f o r  s u l f u r  would n o t  g e n e r a l l y  be  r e q u i r e d .  C o a r s e - g r a i n e d ,  
m a s s i v e  p y r i t e  c a n  be  removed f rom c o a l  by u s i n g  t h e  s t a n d a r d  s p e c i f i c - g r a v i t y  
( s i n k - f l o a t )  t e c h n i q u e ;  o r g a n i c a l l y  combined p y r i t e ,  t h e  most  abundan t  t y p e  i n  
A laska  c o a l s ,  i s  d i f f i c u l t  t o  remove. High s u l f a t e - s u l f u r  c o n t e n t  i n  a c o a l  
commonly i n d i c a t e s  a  w e a t h e r e d  sample  ( f o r  example ,  WC1-3 of t a b l e  1 0 ) .  

F rambo ida l  p y r i t e  h a s  been  i d e n t i f i e d  p e t r o g r a p h i c a l l y  i n  c e r t a i n  S u s i t n a  
lowland c o a l s .  P r imary  s e d i m e n t a r y  s u l f i d e s  r a p i d l y  o x i d i z e  t o  i r o n  o x i d e s  
and f e r r o u s  and f e r r i c  s u l f a t e s  when exposed  t o  a i r ,  b u t  s e c o n d a r y  p y r i t e  i s  
s t a b l e  and i s  l e a c h e d  v e r y  s l o w l y  ( C a r u c c i o  and o t h e r s ,  1977) .  Al though fram- 
b o i d a l  p y r i t e  i s  a  ma jo r  c o n t r i b u t o r  t o  most ac id -mine -d ra inage  p rob lems  i n  
coa l -min ing  r e g i o n s  ( C a r u c c i o ,  1970) ,  t h e s e  c o n d i t i o n s  a r e  n o t  e x p e c t e d  i n  t h e  
S u s i t n a  lowland b e c a u s e  of  t h e  minor  amount of  p y r i t i c  s u l f u r  and d i s s e m i n a t e d  
r e a c t i v e  f r a m b o i d a l  p y r i t e .  I n  a d d i t i o n ,  c o n t a m i n a t i o n  of  s u r f a c e  and ground 
w a t e r  by t h e  s o l u t i o n  and r e l e a s e  of  c h e m i c a l l y  bound t r a c e  e l e m e n t s  i n  t h e  
p r i m a r y  s u l f i d e  f r a c t i o n  shou ld  n o t  o c c u r ,  b e c a u s e  t h e  q u a n t i t y  o f  d i s s e m i n -  
s t e d  p y r i t e  i n  c o a l s  of s o u t h c e n t r a l  A laska  i s  minor .  



COAL QUALITY 

Coa l s  of t h e  Beluga  and w e s t  Yentna f i e l d s  i n  Cook I n l e t - S u s i t n a  lowlanc? 
o f f e r  t h e  g r e a t e s t  p o t e n t i a l  f o r  n e a r - t e r m  deve lopmen t .  A r ev i t a l i . z . ed  coal.- 
n l i r ~ i n g  i n d u s t r y  c o u l d  a l s o  d e v e l o p  i n  t h e  Matanuslca V a l l e y .  L o c a l l y ,  c o a l s  o f  
t h e  Matanuska f i e l d  h a v e  been  upgraded t o  a n t h r a c i t e  by complex f o l d i n g ,  f a u l t -  
i n g ,  and igneous  a c t i v i t y .  Coa l s  of t h e  c e n t r a l  and e e s t e r n  Yentila f i e l d  have  
l e s s  p o t e n t i a l ,  bec.ause t h e y  a r e  t y p i c a l l y  < 2  m t h i c k  w i t h  a  h i g h  a s h  c o n t e n t  
and low c a l o r i f i c  v a l u e .  The r e m a i n i n g  c o a l  d e p o s i t s ,  i n  t h e  L i t t l e  S u s i t n a  
f i e l d ,  a r e  t h i n ,  l e n t i c u l a r ,  have  h i g h  a s h  c o n t e n t ,  and a r e  m a r g i n s l l y  l i g n i -  
t i c  t o  s u b b i t u m i n o u s  ( S a n d e r s ,  1981) .  

N e a r - s u r f a c e  c o a l s  i n  t h e  Beluga  and S t e r l i n g  Forma t ions  of  t h e  Kenai  
P e n i n s u l a  a r e  t y p i c a l l y  l e s s  ma tu re  t h a n  c o a i s  o f  t h e  Tyonek Forma t ion  i n  t h e  
S u s i t n a  Lowland; t h e y  a r e  c h a r a c t e r i z e d  by h i g h e r  a s h  and v o l a t i l e  c o n t e n t s  
and a lower  f i x e d  c a r b o n  c o n t e n t .  These  l i g n i t i c  t o  s u b b i t u m i n o u s  c o a l s  a r e  
commonly <1 m t h i c k ,  l e n t i c u l a r ,  d u l l ,  p l a t y ,  and c l e a t e d  w i t h  abundan t  p r e -  
s e r v e d  wood and b a r k  t i s s u e s .  However, c o a l  beds  a s  t h i c k  a s  2 IT o c c u r ,  i n -  
c l u d i n g  one  t h a t  was mined a t  IIomer ( S a n d e r s ,  1981) .  By c o n t r a s t ,  numerous 
c o a l  beds  w i t h i n  t h e  Kenai  Group (tr.ostly w i t h i n  t h e  Tyonek Forma t ion )  of  t h e  
S u s i t n a  1.owland a r e  o v e r  9  P. t h i c k .  

Major  c o a l  d e p o s i t s  o f  t h e  S u s i t n a  1owl.and a r e  domir lan t ly  s u b b i t u m i n o u s  
B o r  subb i tuminous  C c o a l  (app .  B y  t a b l e  B-5). A t h i n ,  s t e e p l y  d i p p i n g  c o a l  
seam (WC2-9) on Wolvei-irle Creek  i s  r anked  a s  h i g h - v o l a t i l e - B  b i t u m i n o u s  c o a l .  
Three  t h i n  c o a l  seams a t  F a i r v i e w  Mounta in  (FM1-13), P e t e r s  H i l l s  (PA1-34), 
and T a l a c h u l i t n a  R i v e r  (TR1-1; f i g .  38)  a r e  r anked  a s  subb i tuminous  A c o a l .  
T h e i r  a p p a r e n t  e l e v a t e d  r a n k  may be due  t o  w e a t h e r i n g  and o x i d a t i o n  e f f e c t s .  

Table 10 .  Total -su l f i~r .ar~ds~i l f i r i  species of selected coal searns frorn Susitna Lowland. 

Sample - seam Sulfur species (%) 
Locale clesignation Organic Pyritic Sulfate 

- 

Capps Glacier area CG4-1 
CG4-3 
C G4 -4 
CG4-5 

Fairview Mountain 

Peters Hills 

Wolverine Creelc 

Total 
sulfur (70) 



F i g u r e  38. Coal seam ( T e r t i a r y ,  Tyonek Formation) exposed 
a long  t h e  T a l a c h u l i t n a  River  i n  w e s t c e n t r a l  S u s i t n a  
lowland. Photograph by J .  E.  Sperber  , 198 1. 

Coa l s  a r e  ranked accord ing  t o  t h e  ASTM (1981) c l a s s i f i c a t i o n  system. 
I i igher ranked c o a l s  a r e  c l a s s i f i e d  a c c o r d i n g  t o  f ixed-carbon and v o l a t i l e -  
m a t t e r  c o n t e n t s  a s  c a l c u l a t e d  on a  d r y ,  minera l -mat te r - f ree  b a s i s .  Lower 
ranked c o a l s  w i t h  <69 p e r c e n t  carbon c o n t e n t ,  a s  t h o s e  of t h e  S u s i t n a  low- 
l a n d ,  a r e  c l a s s i f i e d  accord ing  t o  t h e i r  c a l o r i f i c  v a l u e  c a l c u l a t e d  on a  
m o i s t ,  minera l -mat te r - f ree  b a s i s  (app. B y  t a b l e s  B-5 and B-6). 

Almost a l l  pub l i shed  d a t a  on S u s i t n a  lowland c o a l  q u a l i t y  (excep t  t h o s e  
i n d u s t r y  summaries developed from c o r e  samples)  were d e r i v e d  from a n a l y s e s  of 
weathered o u t c r o p  samples.  Data developed d u r i n g  t h e  p r e s e n t  s t u d y  (summar- 
i z e d  h e r e  and i n  app. B) do n o t  meet ASTM c r i t e r i a  f o r  rank  e v a l u a t i o n ,  s o  
c o n c l u s i o n s  from such a n a l y s e s  should be accep ted  w i t h  c a u t i o n .  P a s t  s t u d i e s  
i n  o t h e r  a r e a s ,  however, and a  comparison of pub l i shed  d a t a  f o r  unweathered 
samples ( t a b l e s  11-13) w i t h  weathered o u t c r o p  samples ana lyzed  d u r i n g  t h i s  
s t u d y ,  r e v e a l  t h a t  Btu and v i t r i n i t e - r e f l e c t a n c e  v a l u e s  d i f f e r  o n l y  s l i g h t l y  
between weathered Alaskan subbituminous c o a l s  and unweathered c o r e  samples.  
S tach  and o t h e r s  (1975) r e p o r t e d  on t h e  s t u d i e s  of Chandra (1962) ,  who meas- 
ured and compared r e f l e c t a n c e s  of n a t u r a l l y  weathered o u t c r o p  samples and 
f r e s h ,  unoxidized samples o b t a i n e d  a t  g r e a t e r  d e p t h s ,  and found t h a t  t h e r e  
was no s i g n i f i c a n t  d i f f e r e n c e  i n  rank ,  a s  shown by r e f l e c t a n c e  measuremerits 
of t h e  two sample groups .  Although t h e s e  S u s i t n a  lowland e v a l u a t i o n s  should 
be viewed a s  a  measure of ' apparen t  r a n k , '  t h e y  n e v e r t h e l e s s  i n d i c a t e  t h a t  
lower mean annua l  t empera tu res  and l o c a l  r e l a t i v e  a r i d i t y  reduce t h e  e f f e c t  
of o x i d a t i o n  on Alaska c o a l s .  

The c h i e f  a t t r a c t i o n  of most Alaska c o a l s  i s  t h e i r  ex t remely  low s u l f u r  
c o n t e n t .  S u s i t n a  1.owland c o a l s  c o n t a i n  on ly  0 . 3  p e r c e n t  t o t a l  s u l f u r  ( f i g .  39; 
t a b l e  B-7); t h e  s u l f u r  o c c u r s  mainly  i n  o r g a n i c  form ( t a b l e  B-8). T h e i r  a s h  



Table 11. Average quali ty o f  Beluga field coals (frqom 
Patsch, 1976 ) .  

1 

Sulfur species 
' sulfur 

--- Arithmetic mean value 

- Maximum observed value 

I r e  39. Histogram of maximum 
observed and arithmetic-mean 
values, percent total sulfur 
and sulfur species of analyzed 
Susitna lowland coal samples. 
Brackets = number of samples. 

As Dried t o  
received Dry 10% moisture -- 

Moisture (%) 28 - - 1 0  
Ash (%) 1 0  1 3  1 2  
Volatile mat ter  (%) 3 2 44 4 0 
Fixed carbon (%) 3 0 4 3 38  
Sulfur (%) 0.15 0.2 0.2 
Heating value 

Btu/lb 7,550 10,500 9,400 
Calorieslgm 4,194 5,833 5,222 

Table 12 .  
seams, 
1981) .  

Seam 

Brown 
Yellow 
Green 
Blue 
Orange 
Red 

N e t  coal thicknesses and assay data for  major 
Chui tna  River field, Alaska ( f r o m  Ramsey ,  

Avg 
net coal 

thickness 
( f t )  

2 8 
5-1 5 

20 
28 
1 6  
3 3 

Ash 
(%) 

10.13 
18.19 
11 .25  

7.34 
7.99 
7.57 

Sulfur 
(90) 

0.33 
0 .28  
0 .23  
0.16 
0.20 
0.17 

Heating 
value 

(Btul lb)  

7 ,845 
6,782 
7,862 
8,216 
8,054 
7,828 

Table 1 3 .  Coal-quality datu,  Johnson Creek and Canyon  
Creek tracts ( f r o m  Blumer ,  1 9 8 0 ) .  Average for  
various seams and locations, as-received basis. 

Ash (%) 
Heating value (Btu)  
Sulfur (%) 
Moisture (%) 



c o n t e n t  v a r i e s ,  b u t  i t  i s  low t c  rrioderate i n  some h i g h e r  q u a l i c y  c o a l s  o f  t h e  
Tyonek F o r m a t i o n .  

T a b l e  1 4  shows B a r n e s '  (1966) a n a l y s e s  on  s e v e r a l  c o a l s  i r o m  t h e  Beluga-  
Yentna r e g i o n .  Two c o a l - b e a r i n g  s e c t i o n s  f rom t h e  Beluga  f i e i d  ( f i g .  40)  were  
measured  and sampled i n  1975 (Conwel l ,  1977b) .  E l e m e n t a l  a n a l y s e s  ( app .  B ,  
t a b l e s  B-9 t h r o u g h  B-14) r e v e a l e d  h i g h  l e v e l s  of  sodium,  var:adium, and ba r ium,  
whe reas  e l e m e n t s  s u c h  a s  mercu ry ,  an t imony ,  u ran ium,  and t h o r i u m ,  which  t e n d  
t o  v o l a t i l i z e  d u r i n g  c o m b u s t i c n ,  o c c u r r e d  a t  low l e v e l s .  

Table 14.  Analyses o f  1 G coal sarnples f r o n ~  be lug.(^-Yentn region (mod i f i ed  f r o m  Barnes, 1 9 6 6 ,  p. C26-C27) .  Listed as 
(I m n g e  for d i f ferent  parameters analyzed .  Ranlz: Subbi t t in t inous  B ,  subbi tuminous  C, and lignite. Calculated mo i s t  
mineral-free heating ~ta lue  ( B t u ) :  7 ,650 -9 ,800 .  

Sample Volatile Fixed Heating 
conditiona Moisture (%) matter  (%) carbon (%) Ash (%) Sulfur (%) value (Btu) 
-- -- 

1 19.7-33.1 30.1-39.9 26.4-40.6 2.0-16.8 0.1-0.4 7,030-9,520 
2 39.8-56.1 38.0-50.5 2.7-22.2 0.1-0.6 9,470-12,070 
3 47.2-57.9 42.1-52.8 0.1-0.6 11,860-12,600 

al - As received; 2 - Moisture free: 3 - hloisture and ash free. 

T a b l e  15 p r e s e n c s  p u b l i s h e d  r e s u l t s  f rom p r o x i m a t e  2nd u l t i m a t e  a n a l y s e s  
by Rao and Wolff (1981) o f  two c o a l  seams:  t h e  W a t e r f a l l  b e d ,  f rom t h e  Beluga  
f i e l d ,  and t h e  Sunf lower  Creek  b e d ,  f rom t h e  Yentna  f ie1 .d .  Rao and W o l f f ' s  
(1981) v i t r i n i t e - r e f l e c t a n c e  d a t a  ( t a b l e  16)  show t h a t  t h e  W a t e r f a l l  bed i s  
s u b b i t u m i n o u s  and t h e  S u n f l o w e r  Creek  bed i s  l i g n i t i c .  The Sunf lower  Creek  
bed e x h i b i t s  a  v e r y  1 . 0 ~  a s h  and v e r y  low s i l i c a  c o n t e n t ;  most- i n o r g a n i c  m a t t e r  
c o n s i s t s  of  a l u m i n a ,  ca lc i -um,  magnesium, and i r o n  o x i d e s  ( a p p .  B ,  t a b l e  E - 1 ) .  
T r a c e  e l e m e n t s  i n  S u s i t n a  l owland  c o a l s  were  g e n e r a l l y  s i m i l a r  t o  t h o s e  found 
$11 o t h e r  c o a l s .  However, some S u s i t r i a  l owland  c o a l s  c o n t a i n e d  h i g h e r  amounts  
of  ba r ium,  manganese ,  and chromium, and some samples  c o n t a i n e d  l o w e r  amounts  
o f  a r s e n i c ,  z i n c ,  b o r o n ,  l e a d ,  and molybdenum ( f i g .  4 1 ) .  T a b l e  B-13 ( app .  B) 
l i s t s  t h r e e - p o i n t  a s h  f u s i k i l i t y  on two c o m p o s i t e  c o a l  s amples  f rom t h e  Beluga  
f i e l d  (Cocwe l l ,  197;b) .  D e f o r m a t i o n a l  and n i e l t i n g  t e m p e r a t u r e s  r e f l e c t e d  low- 
r a n k  ( s u b b i t u m i n o u s )  co32.s w i t h  m o d e r a t e  a s h .  

DGGS a n a l y z e d  6 6  c o a l  s a m p l e s  from t h e  S u s i t r i a  lowland ( f i g s .  42 t h r o u g h  
45; t a b l e  1 7 )  u s i n g  a  f a c t o r  a n a l y s i s  b a s e d  on p r o x i m a t e  c o a l - q u a l i t y  d a t a  and 
h e a t i n g  v a l u e s  which  d e l i n e a t e d  two s i g n i f i c a n t  f a c t o r s :  ( I )  c o a l s  w i t h  h i g h e r  
f i x e d  c a r b o r ~  have h i g h e r  h e a t i n g  v a l u e s  and lower  a s h ;  and ( 2 )  c o a l s  c o n t a i n -  
i n g  h i g h e r  v o l a t i l - e  r r ,e t te r  h a v e  l v k e r  a s h .  M o i s t u r e  and  s u l f u r  were  j n s i g n i f i -  
c a n t  f a c t o r s  which  e x p l a i n e d  v a r i a n c e s .  

S c a t t e r  p l o t s  of  p a i r e d  p r o x i m a t e  v a r i a b l e s  and h e a t i n g  v a l u e s  r e v e a l e d  
s i m i l a r  t r e n d s  ( f i g .  4 3 ) .  The h i g h  p o s i t i v e  c o r r e l a t i o n  i.n f i g u r e  432 sup-  
p c r t s  t h e  d i r e c t  r e l a t i . o n s h i p  be tween h e a t i n g  v a l u e  and f i x e d - c a r b o n  c o n t e n t :  
a s  the  f i x e d - c a r b o n  c o n t e n t  i n c r e a s e d ,  s o  d i d  t h e  c o a l ' s  r a n k  ( a s  measured  by 
h e a t i n g  v a l u e ) .  The h i g h  p o s i t i v e  c o r r e l a t i o n  i n  f i g u r e  43b shows t h a t  h e a t -  
ing v z l u e s  a l s o  v a r i e d  d i r ~ c t l y  w i t h  v o l a t i l e - m a t t e r  c o n t e n t .  The h i g h  nega-  
t i v e  c o r r e l a t i o n  i n  f i g u r e  43c i l l u s t r a t e s  a n  i n v e r s e  r e l a t i o n s h i p  be tween a s h  
c o n t e n t  and f i x e d  c a r b o n ;  c o a l s  w i t h  h i g h e r  f i x e d - c a r b o n  c o n t e n t  ( h i g h e r  r a n k )  
t e n d e d  t o  have  lower  a s h  c o n t e n t .  The h i g h  n e g a t i v e  c o r r e l a t i o n  i n  f i g u r e  43d 
i n d i c a t e s  t h a t  c o a l s  w i t h  h i g h e r  v o l a t i l e  m a t t e r  had lower  a s h  c o n t e n t .  These  
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F i g u r e  40.  General  l o c a t i o n  and l i t h o l o g i c  d e s c r i p t i o n s  of two measured c o a l - b e a r i n g  s e c t i o n s  
( T e r t i a r y ,  Tyonek Formation) of t h e  Beluga c o a l f i e l d .  E o d i f i e d  from Conwell (1977b) .  

Table 15. Proximate and ultimate analyses o f  raw coals, Waterfall and Sunf lower Creek seams ( f r o m  Rao and W o l f f ,  1981) .  

Thickness, Volatile Fixed Heating 
Coal field, ASTM meters Moisture matter carbon Ash value Carbon Hydrogen Nitrogen Oxygen -Sulfur (%) 

seam rank ( f t )  Sample Basisa (%) (%I (%) (%) (Btu/lb) (%) (%) (%) Pyritic Total 
-- ppppp- 

(% --- 

Beluga, Subbit C 9.1 UA-113 1 23.65 35.20 33.34 7.81 8,327 47.98 6.25 0.54 37.28 0.01 0.14 
Waterfall (30) 2 46.10 43.67 10.23 10,907 62.84 4.71 0.71 21.33 0.01 0.18 

3 51.35 48.65 - 12,151 70.01 5.25 0.79 23.74 0.01 0.21 
Yentna, Lignite 3 .O UA-115 1 29.80 38.26 28.61 3.33 7,943 45.20 6.76 0.53 44.07 0.01 0.11 
Sunflower (10) 2 54.50 40.76 4.74 11,315 64.39 4.87 0.75 25.10 0.01 0.15 
(upper) 3 57.21 42.79 - 11,879 67.59 5.11 0.79 26.35 0.01 0.16 
Yentna, Lignite 3 .O UA-116 1 29.86 39.29 28.43 .2.42 8,017 45.48 6.89 0.49 44.67 0.01 0.05 
Sunflower (10) 2 56.02 40.54 3.44 11,429 64.84 5.06 0.70 25.89 0.01 0.07 
(lower) 3 58.02 41.98 - 11,837 67.16 5.24 0.73 26.79 0.01 0.08 

al - equilibrium-bed moisture; 2 - moisture free; 3 - moisture and ash free. 



Table 1 6 .  Vitrirzite-reflectarzce data ,  IBaterfall urzd S t i r~ f l ower  Creek searns ( f r o m  Roo und l l ro l f f ,  1 9 8 1 )  

Mean maximum Frequency Histogram 
reflectance 

Coal fieldlseam Sample ( n o m a d  V1 V2 V 3 V 4 

Beluga/Waterfall UA-113 
Yentna/Sunflower (upper)  UA-115 
Yentna/Sunflower (lower) UA-116 

r e l a t i o n s h i p s  a r e  e x p e c t e d  f o r  a  group of s amples  whicti e x h i b i t  a na r row r a n g e  
of r a n k  v a r i a n c e ,  a s  do most S u s i t n a  lowland s u b b i t u m i n o u s  c o a l s .  A c l u s t e r  
a n a l y s i s  of  S u s i t n a  lowland  c o a l s  ( f i g .  4 4 )  d i s c l o s e d  t h a t  c o a l s  w i t h  s i m i l a r  
c h a r a c t e r i s t i c s  formed d i s t i n c t  c l u s t e r s .  Coa l s  f rom s p e c i f i c  l o c a l i t i e s  
(Canycn Creek ,  Beluga R i v e r ,  S a t u r d a y  Creek)  formed f a i r l y  c l o s e  c l u s t e r s .  
See t a b l e  B-14 f o r  a  p rox ima te  a n a l y s i s  of e a c h  sample  l i s t e d  i n  f i g u r e  44. 

R e s u l t s  of  u l t i m a t e - a n a l y s i s  of s e l e c t e d  c o a l s  f rom s c a t t e r e d  l o c a l i t i e s  
i n  t h e  S u s i t n a  lowland ( t a b l e  18) were  t y p i c a l .  o f  subb i tuminous  c o a l s  and i n -  
d i c a t e d  t h e s e  c o a l s  t o  be low-rank b e c a u s e  of  low c a r b o n  c o n t e n t  and h i g h  oxy- 
gen  cc jn tent .  L i g n i t i c ,  s u b b i t u m i n o u s ,  and low-rank b i t u m i n o u s  c o a l s  g e n e r a l l y  
c o n t a i n  5 o r  6  p e r c e n t  hydrogen ;  hydrogen d e c r e a s e s  t o  3 o r  4  perc .en t  i n  h i g h -  

coals 
l a  Lowland coals 

F i g u r e  41.  Range o f  t r a c e  e l e m e n t s  i n  raw c o a l  a s h e s  commonly found i n  o t h e r  
c o a l s  compared t o  r a n g e  of t h o s e  i n  S u s i t n a  lowland c o a l s .  Da ta  f o r  o t h e r  
c o a l s  f rom Mason (1966,  p .  2 4 2 ) ;  S u s i t n a  lowland  c o a l  d a t a  f rom p r e s e n t  
s t u d y ,  Cor~we l l  ( 1 9 7 7 b ) ,  and Rao and Wolff (1981) .  
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F i x d  arbon I%) 
NUMBER OF SAMPLES: 65 
CORRELATION COEFFICIENT: 0,8651 

MEAN BTANOARO DEVIATION REGRESSION LlNE 
X 31.208 5.0584 X = .00131*Y-2.8458 
y 8133.7 1015.4 Y = 173.68 Xt2500.6 

Volatile maner (%l 
B NUMBER OF SAMPLES: 65 

CORRELATION COEFFICIENT: 0.6854 

MEAN STAHDARO DEVIATION REGRESSION LlNE 
X 37.228 4.4283 X * .W299*Y+12.926 
Y 8133.7 1015.4 Y * 157.24*X+2180.0 

Ash (%I 
C HUMBER OF SAMPLES: 66 

CORRELATION COEFFICIENT: - 0.8436 

Volatile matter (%I  
D NUMBER OF SAMPLES:68 

CORRELATION COEFFICIENT: - 0.7878 
MEAM STANDARD DEVIATION REGRESSION LINE MEAN STANDARD DEVIATION RE(IRESSI0N LINE- 

X 15.013 9.1091 X = -1.5064*Y+63.758 X 37.238 4.3029 X = -.37991*Y+42.964 
Y 32.320 5.1012 Y - -.47241*X+39.400 Y 15.073 9.1091 Y -1.6336*X+75.903 

F i g u r e  43. S c a t t e r  p l o t s  w i t h  r e g r e s s i o n  l i n e s  of p a i r e d  proximate  v a r i a b l e s  
f o r  ana lyzed  c o a l  samples from t h e  S u s i t n a  lowland.  

r ank  bi tuminous  and a n t h r a c i t i c  c o a l s .  Highes t  amounts of s u l f u r  and n i t r o g e n  
u s u a l l y  occur  i n  b i tuminous  c o a l s ,  d e c r e a s i n g  i n  bo th  lower and h i g h e r  rank 
c o a l s .  Within  t h e  broad spec t rum of c o a l  r a n k ,  a s h  c o n t e n t s  a r e  t y p i c a l l y  
independent  of v a r i o u s  rank  i n d i c a t o r s  and r e f l e c t  v a r i a t i o n s  i n  t h e  q u a n t i t y  
of m i n e r a l  m a t t e r  i n i t i a l l y  d e p o s i t e d  i n  a p e a t  swamp. 

I n o r g a n i c  matter i n  S u s i t n a  lowland c o a l s  c o n s i s t e d  mainly  of  s i l i c a ,  
a lumina,  and ca lc ium o x i d e s ,  w i t h  l e s s e r  amounts of  i r o n  and magnesium o x i d e s  
( f i g .  45) .  S i l i c a  c o n t e n t  was h i g h e s t  i n  F a i r v i e w  Mountain c o a l  as11 and lowes t  
i n  some Chui tna  R i v e r  c o a l  a s h .  Alumina c o n t e n t  was h i g h e r  i n  c e r t a i n  Canyon 



F i g u r e  4 4 .  C l u s t e r  a n a l y s i s  based on p rox imate  d a t a ,  t o t a l  s u l f u r ,  
and h e a t i n g  v a l u e s  f o r  ana lyzed  c o a l  samples  from t h e  S u s i t n a  
lowland .  



F i g u r e  45 .  Range of major-oxide c o n c e n t r a t i o n s  i n  raw-coal a sh  from e i g h t  l o c a l i t i e s  i n  t h e  S u s i t n a  
lowland.  Sample l o c a l i t y :  1 = Beluga R i v e r ;  2 = Canyon Creek; 3 = Capps G l a c i e r ;  4 = Chui tna  
R i v e r ;  5 = F a i r v i e w  Mountain; 6 = P e t e r s  H i l l s ;  7 = Saturday  Creek; and 8 = Wolverine Creek.  

Tahle 17.  Sunzrnary ofrangc. and mean v a l u ~ s  and coal-qualily charact~r is l ics  o f  66 samples f r o m  l h c  Susltrza Lowland 

Volatile Fixed Heating 
Moisture (%) matter  (%) carbon (%) Sulfur (96) Ash (%) value, Btu 

I 7.3-21.9 25.9-46.1 15.1-43.7 0.01 -0.73 2.4-51.7 4,570-10,960 
Rangea 2 27.9-55.1 16.4-50.9 0.01-0.91 2.8-55.7 4,930-1 3,400 

3 45.6-63.2 36.8-54.4 0.01-1 03  10,480-1 5,540 

"1 - A s  receivrtl; 2 - M o i s t u r ?  free: 3 - Moisture  and ash free 



Table 18.  Resul t  o f  ~il t irnate analyses, in percent,  o f  selected coals f r o m  the  Susitna Lowland 

Hydrogen 
Sample l a  2 3  

Carbon 
1 2  - - 

Nitrogen O x y g e t ~  Sulfur Ash - 
3 1 2 3 1  2 3 1 2 3 1  2  - - - - .- - - - - - 

al - As received; 2 - moisture free; 3 - moisture a n d  ash free. 

Creek c o a l  a s h ;  Chuitna River  and Sa tu rday  Creek c o a l  a s h  tended toward h i g h e r  
calcium-oxide c o n t e n t .  Sa tu rday  Creek c o a l s  a l s o  e x h i b i t e d  h i g h e r  s u l f a t e  
c o n t e n t .  The c o n t e n t  of  o t h e r  major o x i d e s  was f a i r l y  c o n s t a n t  a t  a l l  s i t e s .  

I n  summary, c o a l s  of t h e  Tyonek Formation appear  t o  be of h i g h e r  q u a l i t y  
t h a n  those  of t h e  Beluga and S t e r l i n g  Format ions  i n  tlie S u s i t n a  1owl.and. T h i s  
c o n c l u s i o ~ ~  i s  suppor ted  by r e s u l t s  of c u r r e n t  c o a l - c h a r a c t e r i z a t i o n  r e s e a r c h .  
However, c o a l s  from a l l  f o r n a t i o n s  s t u d i e d  were p r i m a r i l y  subbi tuminous  w i t h  
moderate  t o  h i g h  m o i s t u r e ,  ex t remely  low s u l f u r ,  and v a r i a b l e  a s h .  

COAL RESOURCES AND RESERVES 

E s t i m a t e s  of A l a s k a ' s  c o a l  r e s o u r c e s  and r e s e r v e s  a r e  c rude  because  of 
i n s u f f i c i e n t  s u b s u r f a c e  i n f o r m a t i o n  o v e r  broad a r e a s .  D e f i n i t i v e  d a t a  a r e  
needed i f  t h e  USBM and USGS c o a l - r e s o u r c e  c l a s s i f i c a t i o n  sys tem ( f i g .  4 6 )  
i s  t o  be  used .  However, u n t i l  a d d i t i o n a l  d r i l l i n g  and s e i s m i c  d a t a  become 
a v a i l a b l e ,  r e s o u r c e  e s t i m a t e s  f o r  c o a l f i e l d s  i n  Alaska cannot  be p r e c i s e .  

+ INCREASING DEGREE OF GEOLOGIC ASSURANCE - 

F i g u r e  46.  Coal  r e s o u r c e  
c l a s s i f i c a t i o n  sys tem of 
U.S. Bureau of  Mines and 
U.S. G e o l o g i c a l  Survey.  
Modified from U.S. Geo- 
l o g i c a l  Survey ( 1 9 7 6 ) .  



The Cook I n l e t - S u s i t n a  lowland a r e a  r e p r e s e n t s  t h e  second i a r g e s t  c o a l  
r e s o u r c e  b a s e  i n  A laska - - su rpassed  o n l y  by t h e  d e p o s i t s  i r i  ~ l o r t h e r n  Alaska--  
and may have  t h e  g r e a t e s t  p o t e n t i a l  of any  s i n g l e  undeveloped c o a l  ' p r o p e r t y '  
i n  t h e  Un i t ed  S t a t e s .  L a r g e  a r e a s  of  t h e  S u s i t n a  lowland niost l i k e l y  c o n t a i n  
sha l . low,  s t r i p p a b l e  c o a l  d e p o s i t s  ( f i g .  4 7 ) .  S h e e t  3  i s  a  p r e i i n i i n a r y  i n t e r -  
p r e t a t i v e  c o a l - p o t e n t i a l  map of t h e  S u s i t n a  lowland based  on r h e  c o a l - b e a r i n g  
o u t c r o p  p a t t e r n  and g e o l o g i c  s t r u c t u r e  i n  t h e  r e g i o n .  Many a r e a s  judged t o  
have  h i g h  p o t e n t i a l  f o r  c o a l  development  have  a l r e a d y  been l e a s e d  ( f i g .  4 8 ) .  
t iowever, o t h e r  l a r g e  a r c a s  i n  t h e  Susi lrna lowland p r o b a b l y  c o n t a i n  s i g n i f i c a n t  
b u t  p o o r l y  d e f i n e d  o r  u n d i s c o v e r e d  c o a l  r e s o u r c e s ,  

The t o t a l  c o e l  r e s o u r c e  i n  t h e  Cook I n l e t - S u s i t n a  lowland c o a l  p r o v i n c e  
i s  e s t i m a t e d  a t  1 . 5  t r i l l i o n  t o n s ,  1 1  b i . l l i o n  t o n s  of  which a r e  i d e n t i f i e d  
r e s o u r c e s  (McConkey and o t h e r s ,  1977; S a n d e r s ,  1981) .  E s t i m a t e d  i d e n t i f i e d  
r e s o u r c e s  i n  t h e  Beluga-Yentne r e g i o n  a r e  10 b i l l i o n  t o n s ;  e s t i m a t e d  h y p o t h e t -  
i c a l  r e s o u r c e s  a r e  30 b i l l i o n  t o n s .  S w i f t  and o t h e r s  (1980) have  e s t i m a t e d  
t h a t  a t  l e a s t  750 m i l l i o n  t o n s  a r e  e c o n o m i c a l l y  m i ~ a b l e  i n  abou t  50 ,000  a c  
(20 ,250 h e c )  i n  t h e  Capps and C h u i t n a  d i s t r i c t s .  

McGee and OIConr.or (1975) e s t i m a t e d  t o t a l  r e s o u r c e s  a t  2 9  b i l l i o n  t o n s  i n  
t h e  Beluga  and Yentna  c o a l f i e l d s ,  24 b i . l l i o n  t o n s  on t h e  Kenai  P e n i n s u l a ,  arid 
1 . 3  t r i l l i o n  t o n s  b e n e a t h  Cook I n l e t  ( i o  a d e p t h  o f  3 ,050  m). They s p e c u l a t e  
t h a t  5 3 . 2  b i l l i o n  t o n s  of c o a l  l . i c  b e n e a t h  Cook I n l e t  i n  beds  t h i c k e r  t h a n  
6  m .  B a n e s  (1967) e s t i m a t e d  t h e  i d e n t i f i e d  r e s o u r c e s  of s e v e r a l  m a j o r  c o a l  
seams of t h e  Beluga f i e l d  ( t a b l e  19) b u t  d i d  n o t  p r o j e c t  t h e  c o a l  b e d s  f a r  
from o u t c r o p s  i n  v a l l e y  w a l l s .  

S e v e r a l  ma jo r  coal .  sezms o c c u r  on t h e  w e s t  o f  t h e  S u s i t n a  lowland i n  t h e  
Yentna c o a l f i e l d .  A t  F a i r v i e w  Mounta in ,  s i x  c o a l  beds  < ?  m t h i c k  c r o p  o u t ;  a  
4.5-m-thick bed i s  exposed  on Camp Creek ,  a  17-m-thick bed on Sunf lower  Creek ,  
and s e v e r a l  beds  ~ 4 . 5  m t h i c k  on Johnson  Creek  ( f i g .  4 9 ) ,  Nakochna R i v e r ,  and 
Canyon Creek  ( s h e e t  1 ) .  A t  l e a s t  f i v e  seams r a n g i n g  f rom 3 t o  1 2  m t h i c k  o c c u r  
on t h e  Johnson  Creek  t r a c t ,  and f i v e  m i n a b l e  seams f rom 3  t o  14 m t h i c k  o c c u r  
on t h e  Canyon Creek  t r a c t .  A t  one  1 o c a l . i t y  on Canyon Creek ,  f o u r  s e p a r a t e  
seams form 1 9  m of  c o a l  i n  a  23.5-m-thick i n t e r v a l .  On t h e  Johnson  Creek  and 
Canyon Creek  t r a c t s ,  an i d e n t i f i e d  r e s o u r c e  h a s  been  e s t i m a t e d  t o  exceed  500 
m i l l i o n  t o n s  t o  a  d e p t h  o f  76 m (Blumer,  1 9 8 1 ) ;  t h e s e  t r a c t s  a r e  c u r r e n t l y  
l e a s e d  by l l o b i l  O i l  C o r p o r a t i o n  ( s e e  f i g .  4 8 ) .  

I n  t h e  c e n t r a l  and e a s t e r n  Yentna b a s i n ,  Nelson  and Reed (1978) i n f e r r e d  
a  c o a l  r e s o u r c e  of  a t  l e a s t  64 m i l l i o n  t o n s .  S a n d e r s  (1981) s t a t e d  t h a t  c o a l s  
i n  t h i s  s r e a  o c c u r  I n  t h e  uppe r  2 ,440 m .  The n e a r - s u r f a c e  c o a l s  a r e  <1 .8  m 
t h i c k  ( f i g .  5 0 ) ,  b u t  p l a c e r  m i n e r s  i n  t h e  Dutch  H i l l s  and P e t e r s  H i l l s  a r e a s  
have  made u s e  o f  them f o r  y e a r s .  

I n  1916,  Cache Creek  Dredging  Conpany began o p e r a t i n g  t h e  S h o r t  Creek  
Coal  >l ine on a  Yentna  R i v e r  t r i b u t a r y  t o  s u p p l y  power f o r  i t s  d r e d g e  (Naske 
and T r i p l e h o r n ,  1980). The P e t e r s  Creek  c o h l  b e d s  c r o p  o u t  n e x t  t o  t h e  P a r k s  
Highway and Alaska  R a i l r o a d .  P o r t l a n d  G e n e r a l  E l e c t r i c  d r i l l e d  i n  t h i s  r e g i o n  
i n  1976 ( t a b l e  2 0 ) .  

Coal  d e p o s i t s  o f  t h e  S u s i t n a  lowlana  have  been  d e l i n e a t e d  by p r i v a t e  
i n d u s t r y  d r i l l i n g  programs s i n c e  1967,  b u t  most d a t a  a r e  s t i l l  p r o p r i e t a r y .  
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F i g u r e  47 .  Areas  of t h e  S u s i t n a  low]-and w i t h  f a v o r a b l e  s t r i p - m i n i n g  
c o n d i t i o n s .  Modif ied  f rom Ramsey (1981b).  

Cur ren t  c o a l  l e s s e e s  have i d e n t i f i e d  s e v e r a l  mining s i t e s  i n  t h e  Chui tna  d i s -  
t r i c t  n ~ r t h e a s t  and sou thwes t  of t h e  Chui tna  R i v e r .  The combined tonnage of 
surface-mineable  low-su l fu r  c o a l  h e l d  by P l a c e r  U.S .  Inc. and Diamond Alaska 
Coal Company i s  approx imate ly  1 b l l l i o n  t o n s ,  w i t h  a w a s t e  t o  s h o r t  t o n  of 
c o a l  r a t i o  of <6 b a ~ ~ k : ~ d ~  ( t a b l e  2 1 ) .  



LOCATION COMPANY COAL-LEASE AREA 
1 Mobil Oil Johnson Creek 
2 Mobil Oil Canyon Creek 
3 Meadowlark Farms Friday and Saturday Creeks 
4 Beluga Coal CaPPs 
5 Beluga Coal Chuitna West 
6 Diamond Alaska Coal Bass, Hunt, Wilson 
7 Beluga Coal Threemile Creek 

Figure 48. Locations of major coal leases in the Susitna lowland. 

Both companies conducted engineering-feasibility studies for mining 1 to 
15 million ton/yr. Placer U.S. Inc. developed and sampled about 500 million 
tons of mineable reserves in four potential mine sites: one at Capps, two at 
Chuitna, and one at Threemile (table 21). The Capps deposit, which occupies 
a localized 11- to 13-km2 coal basin, contains two major seams, the Capps and 



Table 19.  Estiinated identified coal resources for several 
major seams in the Beluga area ( f r o m  Barnes, 
1966) .  

Average 
Seam thickness ( m )  

Chuitna bed 16  
Capps bed 1 5  
Lower Chuitna bed < 6 
Canyon bed 7 
Drill Creek bed 20 
Beluga bed 9 

Resources 
(million tons) 

t h e  W a t e r f a l l  beds ,  which average  5 . 2  and 9 . 2  n t h i c k ,  r e s p c c t i v e l y .  The 
s t r i p p i n g  r a t i o  i s  e s t i m a t e d  a t  4 : l  t o  5 : l  ( P a t s c h ,  1976).  

S i x  seams c o n s t i t u t e  most of t h e  r e s o u r c e s  w i t h i n  t h e  Chui tna  Kiver  coa l -  
f i e l d  ( t a b l e  2 1 ) .  Study of o u t c r o p s  a long  t h e  r i v e r  and a  d e t a i l e d  d r i l l i n g  
program h e l p e d  i d e n t i f y  t h e  seams. Although t h e  number of  mineable  seams i s  
s i m i l a r  e a s t  and wes t  of t h e  Chui tna  Kiver ,  t h e  c o a l  beds  have n o t  been c o r r e -  
l a t e d .  The Brown c o a l  i s  Barnes '  Chu i tna  seam; t h e  Red, Orange, and Blue seams 
were d e l i n e a t e d  mos t ly  by d r i l l i n g  w i t h i n  a  p lanned open-pi t  a r e a  by Diamond 
Alaska Coal Company. 

Plost f a v o r a b l e  mining p r o s p e c t s  w i t h i n  t h e  S u s i t n a  lowland occur  where 
t h i c k  c o a l  beds of t h e  Tyonek Formation a r c  w i t h i n  l O U  m of  t h e  s u r f a c e .  Most 
c o a l  beds o v e r  6  m t h i c k  a r e  r e s t r i c t e d  t o  t h e  Tyonek Format ion,  i n  which o v e r  

F i g u r e  49 .  A c o a l  bed i n  t h e  Tyonek Formation exposed a l o n g  Johnson Creek,  
w e s t e r n  margin  of tile S u s i t n a  lowland.  Photograph by J . E .  S p e r b e r ,  1981. 
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F i g u r e  50. View of coa l -bea r ing  s e c t i o n  a l o n g  S h o r t  Creek,  P e t e r s  H i l l s  
area,  a s  s e e n  l o o k i n g  up from creek-bed l e v e l  (east  Yentna f i e l d ,  
Tyonek Format ion) .  Photograph by J . E .  S p e r b e r ,  1981. 

Table 20. Peters Creek drill d a t a . a  

Location .- 

Quarter- 
Drillhole quarter Section Township 

1 SE%NE1/4 11 26 N 
2 SW1%SW% 2 26 N 
3 NW%NE1/4 3 26 N 
4 
5 SW%NW% 14 26 N 
6 SE1/4SW% 11 26 N 
7 NW%SE% 11 26 N 
8 NW'%SW1/4 1 2  26 N 
9 SE'hSW'A 2 26 N 

10 SE1/4NW% 10 26 N 
11 SW1/4SE% 3 26 N 
1 2  NW%SE% 1 3  26 N 
1 3  NE1%NE1/4 1 8  26 N 

Total 
depth 

Range ( f t )  
-- 

8 W 510 
8 W 440 
8 W 460 

Elevation (ft),  
top to  bottom No. .seams 

Max 
thickness 

( f t )  

Coals 

Depth Elevation 
( f t )  ( f t )  

a~umrnarized from Portland General Electric information. 
b ~ e d r i l l e d  as DH 6. 



Table 21. Minable reserves, Beluga coal field (modified from Rao and Wolff, 1981). Estimates provided by Beluga 
Coal Company. 

Basin Coal beds Location Estimate of minable reserves 

Threemile Creek Contains 22 partially exposed, 6 mi from Cook Inlet 60 million tons; 9 : l  stripping ratio. 
steeply dipping 10-ft-thick 
seams (avg). 

Chuitna River Six seams, two minable 17  mi from Cook Inlet 200 million tons of near-surface 
outcropping coal beds (one reserves on west side of river. 
over 40 ft thick). 

C ~ P P S  Two seams exposed in the 26 mi from Cook Inlet 200 million tons in Capps and 
Tyonek Formation---the upper Waterfall seams at  5:l  stripping 
Capps bed averages 17 ft ratio. 
thick, the lower Waterfall 
bed (Capps bed of Barnes, 
1966) has an average min- 
able thickness of 30 ft but 
ranges from 20-50 f t .  The 
interburden thickness varies 
from 80-280 f t .  

100 s e p a r a t e  beds have been d i s t i n g u i s h e d  i n  a s i n g l e  w e l l  l o g  ( s e e  f i g .  18) .  
Oi l -wel l  l o g s  i ~ d i c a t e  t h a t  t h e  West Fore land ,  Hemlock Conglomerate and Beluga 
Formations c o n t a i n  s e v e r a l  t h i c k  c o a l  beds  a t  dep th .  Coal beds  of t h e  S t e r l i n g  
Formation a r e  g e n e r a l l y  (2 .5  m t h i c k .  S t r a t a  of t h e  S t e r l i n g  Formation c rop  
o u t  i n  t h e  n o r t h e r n  p a r t  of t h e  Yentna f i e l d  and on t h e  w e s t e r n  c o a s t  of t h e  
s o u t h e r n  Kenai P e n i n s u l a ,  where a s  many a s  37 c o a l  beds a r e  exposed.  Other  
major c o a l  d e p o s i t s  occur  i n  t h e  Chickaloon Formation of t h e  Matanuska f i e l d .  
The Chickaloon Formation i s  up t o  915 m t h i c k  i n  t h e  Matanuska f i e l d  and h a s  
a t  l e a s t  30 d i f f e r e n t  c o a l  beds  i n  t h e  upper 460 m (Conwell and o t h e r s ,  1 9 8 2 ) .  

OVERBURDEN CHARACTER 

I n  t h e  absence of a c t i v e  mining o p e r a t i o n s ,  t h e  c h a r a c t e r  of overburden 
of t h e  Kenai Group c o a l s  i n  t h e  S u s i t n a  lowland h a s  r e c e i v e d  l i t t l e  a t t e n t i o n .  
q u a l i t a t i v e  and q u a n t i t a t i v e  overburden c h a r a c t e r i z a t i o n  i s  s i g n i f i c a n t  f o r  
s e v e r a l  r e a s o n s ,  n o t  t h e  l e a s t  of which a r e  t h e  enforcement p r o v i s i o n s  of t h e  
S u r f a c e  Mining C o n t r o l  and Reclamation Act of 1977. The s u i t ~ b i l i t y  of over-  
burden f o r  u s e  a s  a s u b s o i l  medium d u r i n g  mine s i t e  r e c l a m e t i o n  i s  of prime 
importance.  The breakup of unweathered rock r r ' a t e r i a l s  and t h e i r  placement 
i n t o  t h e  zone of a c t i v e  l e a c h i n g  a l s o  c r e a t e s  a p o t e n t i a l  f o r  d e l e t e r i o u s  
e f f e c t s  on r e g i o n a l  s u r f a c e -  and ground-water q u a l i t y .  

Tlle c h a r a c t e r  of overburden var ies - -as  does  t h e  q u a l i t y  of i n d i v i d u a l  
c o a l  seams w i t h i n  a g iven  basin--and i s  dependent on i t s  d e p o s i t i o n a l  environ-  
ment. Overburden mineralogy i s  determined by Eh and pH c o n d i t i o n s ,  tempera- 
t u r e ,  and s a l i n i t y  of t h e  d e p o s i t i o n a l  regime. 

P y r i t e ,  gypsum, d o l o m i t e ,  and c l a y  m i n e r a l s  w i t h i n  t h e  overburden a f f e c t  
t h e  ground-water chemis t ry ;  p y r i t i c  and a r g i l l a c e o u s  m a t e r i a l s  have t h e  g r e a t -  



- - 
e s t  p o t e n t i a l  f o r  p roduc ing  h i g h l y  n i ine ra l i zed  ground w a t e r .  S u l f a t e  (SO4 ) 
and sodium (Na ) c o n c e n t r a t i o n s  a r e  of p a r t i c u l a r  concern  (Gro~newold  and 
o t h e r s ,  1981) .  Because of t h e  r e l a t i v e l y  low c o n t e n t  of p y r i t i c  s u l f u r  i n  t h e  
c o a l  overburden of  s o u t h c e n t r a l  Alaska ,  w e a t h e r i n g  of s u l f i d e s  and subsequent  
d i s s o l u t i o r  of s u l i a t e s  shou ld  n o t  s i g n i f i c a n t l y  impact r e g i o n a l  ground-water 
q u a l i t y  ( M e r r i t t ,  1982) .  Nelson (1981) r e p o r t e d  r e l a t i v e l y  h i g h  d i s s o l v e d  
i r o n  c o n c e n t r a t i c r s  (0 .41  t o  6 . 2  m g / ~ )  and c o l o r  t h a t  r a n g e s  from 5  t o  200 
t u r b i d i t y  u n i t s  i n  ground-water samples  from f i v e  w e l l s  between G r a n i t e  P o i n t  
and t h e  Beluga R l v e r .  One sample from a  w e l l  14.5  km n c r t h e a s t  of G r a n i t e  
P o i n t  c o n t a i n e d  CJ.150 mg/L a r s e n i c .  Toward t h e  eas te r r1  kcArthur  F l a t s  n e a r  
Cook I n l e t ,  ground and s u r f a c e  w a t e r s  a r e  h e a v i l y  s t a i n e d  w i t h  i r o n  and con- 
t a i n  redd i sh -s l ime  d e p o s i t s ,  p robab ly  formed by i r o n - f i x i n g  b a c t e r i a .  

C e r t a i n  e lements  can sometimes be c o r r e l a t e d  w i t h  a  d e p o s i t i o n a l  env i ron-  
nler,t: boron,  bromine,  c h l o r i n e ,  sodium, s t r o n t i u m ,  phosphorus ,  n i c k e l ,  c o b a l t ,  
vanadium, chromium, uranium, copper ,  s u l f u r ,  ca rbon ,  and oxygeri a r e  t h e  most 
common pa leoenv i ronmenta l  i n d i c a t o r s ,  i n  a d d i t i o n  t o  o r g a n i c  m a t t e r  (Keineck 
and Singh,  1975) .  B a i l e y  (1981) found t h a t  r e l a t i v e l y  h i g h e r  co r i t en t s  of cop- 
p e r ,  chromium, t i t a n i u m ,  po tass ium,  s i l i c o n ,  and a r s e n i c  a r e  a s s o c i a t e d  w i t h  
f l u v i a l  c o a l s ;  z i n c ,  i r o n ,  ca lc ium,  p y r i t i c  s u l f u r ,  and s u l f a t e  s u l f u r  a r e  
g e n e r a l l y  more abundant i n  c o a l s  formed i n  mar ine - in f luenced  d e p o s i t i o n a l  
sys tems .  

Overburden is composed of i n o r g a n i c  sed imenta ry  r o c k s ,  t h i n ,  unmineable 
c o a l  s t r i n g e r s  ( r i d e r  seams) a t  t h e  mine s i t e ,  and ur lconsol idated p r o f i l e  and 
bedrock s t r a t a .  Unconsol idated sequences  i n c l u d e  s o i l s  ( t o p s o i l  and s u b s o i l  
h o r i z o n s ) ,  o t h e r  a l luv ium and co l luv ium,  and g l a c i a l  d e p o s i t s ;  e r r a t i c s  and 
w e l l - i n d u r a t e d  l a y e r s  ( p a r t i c u l a r l y  p l a s t i c - c l a y  zones )  pose  nlirlor problems 
d u r i n g  mining.  Bedrock s t r a t a  a r e  composed of r e l a t i v e l y  s o f t  m a t e r i a l s  such 
a s  s h a l e  and weathered rock  and ha rd  m a t e r i a l s  (conglomerate ,  s a n d s t o n e ,  s i l t -  
s t o n e ,  and l i ~ n e s t o n e )  . Burn m a t e r i a l  (baked r o c k ,  s c o r i a ,  o r  p o r c e l l a n i t e )  
forms v a r i c o l o r e d  g l e y s  when weathered ( f i g .  5 1 ) ,  and t h e s e  g l e y s  and m e l t i n g  
pe rmaf ros t  may cause  s l o p e - i n s t a b i l i t y  problems (Schmoll and Yehle,  1 9 7 8 ) .  

Des ign ing  a  s p e c i f i c  program t o  h a n d l e  overburden on a  mine s i t e  may be 
compl ica ted  by r a p i d  l a t e r a l  o r  v e r t i c a l  changes i n  l i t h o l o g y  ( M e r r i t t ,  1983).  
Where such  r e l a t i o n s h i p s  e x i s t ,  a s  i n  t h e  S u s i t n a  lowland,  l i t h o l o g i c  u n i t s  
may be  grouped i n t o  s e v e r a l  major  t e x t u r a l  c l a s s e s  o r  rock t y p e s :  

L i g h t - t e x t u r e d  m a t e r i a l s ,  p redominan t ly  s a n d s t o n e  and 
sandy s i l t s t o n e  

Medi~~m- tex tu red  m a t e r i a l s ,  predominant ly  s i l t s t o n e  
Heavy-textured m a t e r i a l s ,  p redominan t ly  c l a y s t o n e  
Coal s t r i n g e r s  ( i n c l u d i n g  bone c o a l ) ,  r i d e r  seams, 

carbonaceous  s h a l e s  
Major coal .  seams 
I n t e r b u r d e n  ( c l a y  o r  sand p a r t i n g s ,  i n c l u d i n g  

b e n t o n i t e e  and t o n s t e i n s ,  i n  th ick .  c o a l  seams 
o r  between c o a l  seams) 

P o r c e l l a n i t e  o r  s c o r i a  (baked r o c k  above a  burned c o a l )  
G l a c i a l  d e p o s i t s  
St ream d e p ~ s i t s  ( a l luv ium)  
Sheetwash co l luv ium o r  e o l i a n  d e p o s i t s .  



F i g u r e  51. Weathering gl .eys from burn m a t e r i a l  i n  a c o a l - b e a r i n g  s e c t i o n  of 
t h e  Tyonek Format ion,  Chui tna  R i v e r ,  Beluga c o a l f i e l d .  Photograph by 
J . E .  S p e r b e r ,  1981. 

A broad spect rum of  overburden c h a r a c t e r i z a t i o n  a n a l y s e s  was performed on 
S u s i t n a  lowland samples  d u r i n g  t h i s  s t u d y  ( t a b l e  22; app.  E ,  t a b l e  L-1 th rough  
E-9). Although g u i d e l i n e  c r i t e r i a  t o  e v a l u a t e  t h e  c h a r a c t e r  and q u a l i t y  of 
overburden have been developed i n  s e v e r a l  o t h e r  s t a t e s ,  i n c l u d i n g  Wyoming and 
Montana (app.  E ,  t a b l e s  E-10 and E - l l ) ,  none have been e s t a b l i s l l e d  f o r  A l ~ s k a .  

T e x t u r e  

On a  p l o t  of  p a r t i c l e  s i z e s  and r e s u l t a n t  t e x t u r e s  f o r  S u s i t n a  lowland 
overburden samples ( f i g .  5 2 ) ,  s e v e r a l  samples  f e l l  w i t h i n  t h e  ' p o o r '  t e x t u r e  
zones .  G e n e r a l l y ,  r eg raded  s p o i l  m a t e r i a l  t h a t  i s  d e r i v e d  from overburden 
w i t h  h i g h  sand (>70  p e r c e n t ) ,  h i g h  c l a y  (>40 p e r c e n t )  c o n t e n t ,  o r  bou lde ry  
s u r f a c e  ( a s  g l a c i a l  t i l l )  may c r e a t e  r e v e g e t a t i o n  problems. High-clay zones  
produce e f f e c t i v e  a q u i c l u d e s ;  h i g h  sand zones  e x h i b i t  u n f a v c r a b l e  mois tu re -  
r e t e n t i o n  q u a l i t i e s ;  and l a r g e  b o u l d e r s  c r e a t e  a  medium t h a t  may c o n t a i n  
l i t t l e  f i n e - g r a i n e d  m a t r i x  m a t e r i a l  and o r g a n i c  m a t t e r  (Dollhopf and o t h e r s ,  
1978) .  On t h e  b a s i s  of unconf ined compress ive - s t reng th  t e s t s  of c o a l f i e l d  
samples  from t h e  Capps d i s t r i c t ,  Chleborad and o t h e r s  (1980; 1982) concluded 
t h a t  t h e  m a t e r i a l s  ranged from s o f t  s o i l  t o  s o f t  r o c k  ( f i g .  5 3 ) .  

Dur ing d r a g l i n e  s p o i l i n g ,  overburden w i t h  a  h i g h  c l a y  c o n t e n t  can be 
mixed w i t h  overburden w i t h  a  h i g h  o r  moderate  sand c o n t e n t  t o  improve s o i l  



Table 22. Su?nmury ,  ouerbloden-c~taracteri~(1tion analyses o f  Susitna Lowland samples. 

Parameter 
--- 

paste pH 
Electrical conductivity 
Saturation 
Saturatioil Ca 

extract Mg 
cations N a 

Sodium adsorption ratio (SAR) 
Exchangeable sodium percentage 

(ESP) 
Particle size 
Texture 
Organic matter 
Lime 
Boron (total) 
Selenium (total) 
Extractable nutrients NO3-N 

P 
I< 

Ammonium Ca 
acetate Mi? 
extractable Na 
cations I< 

Cation exchange capacity 
Base saturation 
Sulfur SOq-S 

Pyritic 
Total 

Acid potential 
Neul~alizatioiz potential 

Potential aciditya 

Samples Locales Range Mean 

Variable 
Variable 
0.82-11.89% 
7.7-10.1% 
1.3-100.0 pprn 
<0.01-0.05 pprn 
2.1-13.8 ppm 
6.85-38.51 ppm 
47.6-280.4 ppm 
2.5-45.4 meq/I.OOg 
0.3-9.0 meq/100g 
0.6-39.5 meq/300g 
<0.1-0.7 meq/100g 
1.3-88.4 meg/100g 
16.7-100.0% 
<0.1% 
<0.01-0.09% 
0.00-0.48% 
0.0-30.0 meq ~ 1 + / 1 0 0 g  
3.85-21 3.84 tons CaC03 eg./ 

1,000 tons 
-5.55-212.89 tons CaC03 eg./ 

1 ,000 tons 

- .  . 

4.7% 
9.9% 
33.8 ppm 

. - -  

4.0 pprn 
15.44 pprn 
136.4 pprn 
10 .3  meq/100g 
3.3 meq/100g 
1 .4  meq/100g 
0.2 meq/100g 
20.0 meg/100g 
83.4% 

. . - 
- .  - 

0.07% 
4 .1  meq H' /100g 
24.2 tons CaC03 eg./ 

1,000 tons 
+22.3 tons CaC03 eg./ 

1,000 tons 

"positive values indicate excess C a C 0 3  or basic overburden material. 

t e x t u r e  and d r a i n a g e  c h a r a c t e r i s t i c s  i n  some a r e a s  of the. S u s i t n a  lowland.  
Dollhopf and o t h e r s  (1978) mixed an overburden sample of 9 p e r c e n t  c l a y  w i t h  
a n  overburden samp:Le of 57 p e r c e n t  c l a y  i n  p ropor t i -ons  of 3 : 1 ,  1 : 1 ,  and 1 :3 ,  
c o n t a i n i n g  25,  40,  and 49 p e r c e n t  c l a y ,  r e s p e c t i v e l . ~ ,  which r e p r e s e n t e d  a  
n e a r - l i n e a r  r e l a t i o n s h i p .  Overburden i n  t h e  S u s i t n a  lowland e x h i b i t s  a b r u p t  
v e r t i c a l  and l a t e r a l .  changes i n  s l a y  c o n t e n t ,  which r e v e a l s  r a p i d  a l t e r a t i o n  
d u r i n g  l o c a l  d e p o s i t i o r l a l  p r o c e s s e s .  T e x t u r e  can be c o n s i d e r a b l y  improved by 
mixing t o  d l l u t e  t h e  c l a y  c o n t e n t  and t o  produce a  more d e s i r a b l e  p l a n t - r o o t  
medium through which w a t e r  w i l l  p e r c o l a t e  more e a s i l y .  

A c i d i t y  

Overburden a t  F 'airview Mountain e x h i b i t e d  pH v a l u e s  a s  low a s  4 . 1  [ f i g s .  
54 and 55)  and,  i n  a t  l e a s t  two samples ,  d e f i c i e n c i e s  of a m e l i o r a t i n g  c a p a c i t y  
(over  5 t o n s  CaCO e q u i v a l e n t  p e r  1 ,000  t o n s  of m a t e r i a l ;  f i g .  5 5 ) .  However, 

3 t h e  h i g h e s t  p y r i - t l c - s u l f u r  c o n t e n t  of t h e  roof  and f l o o r  beds  of c o a l  seams 
C th rough  P was <0.06 p e r c e n t ,  and h i g h e s t  t o t a l  s u l f u r  c o n t e n t  < 0 . 4 8  p e r c e n t  
( f i g .  5 5 ) .  The a c i d i t y  of the. overburden s t r a t a  p robab ly  r e s u l t e d  from b io -  
chemical  breakdown of o r g a n i c  m a t t e r ,  which ranged from 1.27 t o  11.89 p e r c e n t  



Figure  52.  P a r t i c l e  s i z e s  
and t e x t u r e s  of over -  
burden samples from t h e  
Susi t r la  lowland,  show- 
i n g  r o c k  m a t e r i a l s  t h a t  
tend t o  form zones  of 
poor t e x t u r e  i n  s p o i l  
m a t e r i a l .  

. Percent sand 

Poor texture zones (* 40% clay and > 70% rand) 

i n  t h e  ana lyzed  samples .  Groenewold and o t h e r s  (1981) found t h a t  t h i s  p r o c e s s  
o f t e n  l e d  t o  h i g h e r  a c i d i t y  than  d i d  o x i d a t i o n  of d i s s e m i n a t e d  p y r i t e .  

A c i d i t y  shou ld  n o t  be a  s i g n i f i c a n t  problem i n  most a r e a s  of s o u t h c e n t r a l  
Alaska.  However, overburden s t r a t a  w i t h  a s  l i t t l e  a s  0 . 3  p e r c e n t  s u l f u r  i r i  

t h e  form of f i n e - g r a i n e d  d i s s e m i n a t e d  p y r i t e  ( p a r t i c u l a r L y  a s  f r amboids )  can 
c a u s e  a c i d i t y  and r e v e g e t a t i o n  problenis on rec la imed  s p o i l .  P y r i t e  f r amboids  
occur  i n  c e r t a i n  S u s i t n a  lowland c o a l s  ( M e r r i t t ,  1982) ;  i n  weathered ( o x i d i z e d )  
overburden s e q u e n c e s ,  s o l u b l e  s u l f a t e  s a l t s  may be abundan t .  The i n h e r e n t  
a l k a l i n i t y  l e v e l  (CaC03 c o n t e n t )  amel . io ra tes  e x i s t i n g  a c i d i t y .  

S a l i n e - s o d i c  s p o i l  

Although m a t e r i a l s  c h a r a c t e r i z e d  by e x c e s s  s o l u b l e  s a l t s  and a  h i g h  l e v e l  
of adsorbed sodium a r e  common i n  t h e  a r i d  t o  s e m i a r i d  r e g i o n s  of  t h e  wes te rn  
Uni ted  S t a t e s ,  a n a l y t i . c a l  r e s u l t s  of t h i s  s t u d y  suppor ted  t h e  c o n c l u s i o n  of 
M i t c h e l l  and o t h e r s  (1981) t h a t  s a l i n e  and s o d i c  spoi.1 shou ld  n o t  be a  major 
problem i n  Alaska c o a l  b a s i n s .  They found no zones  of s a l t  accumula t ion  and 
no sodium-adsorpt ion l e v e l s  t h a t  would be  d e t r i m e n t a l  t o  p l a n t  growth i n  t h e  
m a t e r i a l s  t h e y  examined from t h e  U s i b e l l i  Mine a t  Healy ,  t h e  Capps d i s t r i c t  of 
t h e  Beluga f i e l d ,  an  abandoned s t r i p  mine i n  Matanuslca Va l l ey  n e a r  S u t t o n ,  and 
an abandoned s i t e  a t  Meade R i v e r .  E l e c t r i c a l  c o n d u c t i . v i t i e s  i n  S u s i t n a  lowland 



Very soft soil 

Soft soil 

Firm soil 

Sti f f  soil 

Very stiff soil 

Very soft rock 

Soft rock 

Hard rock 

Very hard rock 

Very very hard rock 

Unconfined compressive strength ( M n / m 2  ) 

Range of values reported by others 

R a n g e  of values of 
Capps coal-field samples 

F i g u r e  53. Range of unconf ined compress ive  s t r e n g t h  f o r  Capps a r e a  
c o a l  samples .  Modified from Chleborad and o t h e r s  (1980,  1982) .  

samples ana lyzed  i n  t h i s  s t u d y  ranged from 0 . 1  t o  0 .9  mmhos/cm a t  25"C, and 
t h e  mean s o d i u m - a d s o r p t i o n . r a t i o  was <1 .0 .  Although a  f e w  samples  e x h i b i t e d  
anomalously h i g h  exchangeable-sodium p e r c e n t a g e s ,  t h e  mean v a l u e  ( t a b l e s  22 
and 23) was 16 .5  p e r c e n t  . 

Cation-exchange c a p a c i t y  

The 54 overburden samples  ana lyzed  from t h r e e  s i t e s  i n  t h e  S u s i t n a  low- 
l and  ranged from 1 . 3  t o  88.4 mEq/100 g ,  w i t h  a  mean of 20.0 mEq/100 g .  S h a l e  
and mudstone g e n e r a l l y  had r e l a t i v e l y  h i g h  cat ion-exchange c a p a c i t i e s  (CEC), 
which i n d i c a t e s  t h e  p r e s e n c e  of montmoril1on:i te and a v a i l a b i l i t y  of a d e q u a t e  
p l a n t   nutrient.^ f o r  u s e  a s  a  s u b s o i l  medium. The CEC i n  s a n d s t o n e s  r a r e l y  
exceeded 5 mEq/100 g u n l e s s  t h e  s a n d s t o n e  was a r g i l l a c e o u s .  

Trace  e lements  

Few b a s e l i n e  d a t a  e x i s t  t o  e s t a b l i s h  a c c e p t a b l e  t r ace -e lement  l e v e l s  i n  
overburden ,  p a r t i c u l a r l y  i n  Alaska.  Hinckley and o t h e r s  (1982) concluded t h a t  



Frequency Frequency 

F i g u r e  54.  His tograms of pH and t o t a l - s u l f u r  c o n t e n t  f o r  overburden samples  
from t h e  S u s i t n a  lowland.  Frequency e x p r e s s e s  number of samples  e x h i b i t -  
i n g  a  p a r t i c u l a r  v a l u e .  Samples hav ing  extreme v a l u e s  a re  d e s i g n a t e d  by 
sample code ( s e e  a p p s .  C and E). 

c o n s i d e r a b l e  v a r i a t i o n  o c c u r s  i n  rock  chemfistry and d e p o s i . t i o n a 1  environments  
o v e r  s h o r t  d i s t a n c e s  i n  t h e  Beluga c o a l  a r e a  and f i n e - g r a i n e d  r o c k s  ( c l a y s t o n e )  
t y p i c a l l y  c o n t a i n  a t  l e a s t  twice  t h e  amount of  t r a c e  e lements  t h a t  coa rse -  
g r a i n e d  rocks  ( s a n d s t o n e s )  do ( t a b l e  2 4 ) .  Overburden samples from s e v e r a l  
l o c a l i t i e s  i n  t h e  S u s i t n a  lowland (Beluga R i v e r ,  Capps G l a c i e r ,  F a i r v i e w  
Mountain,  P e t e r s  H i l l s  a r e a ,  Sa tu rday  Creek,  and Wolverine Creek) r e v e a l e d  
s i g n i f i c a n t l y  h i g h e r  l e v e l s  of t r a c e  e l e m e n t s  such a s  l e a d ,  z i n c ,  n i c k e l ,  
c o b a l t ,  and cadmium t h a n  t h o s e  recommended f o r  prime topsoj .1  o r  s u b s o i l  
media ( f i g .  5 6 ) .  

The  maximum se len ium c o n t e n t  of 20 samples from two S u s i t n a  l o w l a ~ d  
s i . t e s  ( t a b l e  2 2 )  was w e l l  below t h e  t o x i c i t y  t h r e s h o l d  l e v e l  of 2  ppm, b u t  
t o t a l - b o r o n  c o n t e n t  i n d i c a t e d  e x c e s s  boron c o n c e n t r a t i o n s  (>5 ppm) i n  mine 



FM1-1 ~ o o f :  crrbonrceous ahale 4.1 0.06 1 0.30 
FM1-3 1 FSe- Parting: carbo~ceous da~stoPe 4.8 0.02 1 0.06 
FM1-5 Seatrock: daystone 1 0.01 10.02 

Roof: arbo~ueeous shale 

FMl-8 Seatrock: ckystone 

Figure 55 .  Overburden-interburden characteristics for a coal-bearing section from Fairview Mountain, 
Tyonek Formation, northwest Yentna field. 



Table 23. Geocllenziccrl purcl~neters nneusured irl cletermining t h e  levels o f  soluble scllts and sodiunl irl soils and 
o v e r b ~ u d e ~ l .  

Parameter Characteristics 
-- pppp- .- 

Conductivity (EC) 

Saturalioll percentage (SP) 

Saturation extract cations 

Sodium ( ~ a ' )  

Calcium (cai'') 

Magnesium ( M ~ " )  

Sodium adsorption ratio (SAR) 

Directly related to soil salinity. Conductivities over 1 6  mmhos lc~n  at 
25OC generally ratecl as unsuitable, and from 8 t o  16  mmhos/ctn at  
25OC as poor (table D10) .  

Moisture content of a given material a t  its point of saturation. High 
saturation (> 80%) can often be correlated with high clay strata. 

Tends to disperse clay materials, hence reducing aeration and soil 
hydraulic conductivity. Adverse structural modification to a soil is 
usually due to  excess sodium concentrations. 

Directly affects the drainage and leaching of soils; results in a sodic 
condition. 

Low ~nagnesiuin levels can reduce the concentrations of phosphorous. 
High levels of calcium ions may alleviate toxic reactions of plants 
with high concentrations of magnesium (U.S. Department of Agricul- 
ture, 1954).  

Deternlined from the modified Gapon equation: 
SAR = ~ a /  7@-)/2. 

A material with an SAR value above 1 5  is judged unsuitable as a plant 
root-zone medium (Sandoval and Gould, 19'78). 

Exchangeable sodiunl percentage (ESP) Defines the extent l o  which the adsorption complex of a soil is oc- 
cupied by sodium. High-clay materials usually have attendant high 
exchangeable sodium contents and an SAR value above 10 (Sandoval 
and Gould, 19'78). Soils with high ESPs (>15%)  and high SARs tend 
t o  have serious physical problems, resulting in low hydraulic con- 
ductivity, poor aeration, and reduced productivity. 

s p o i l  t h a t  could  be  a  problem f o r  r e v e g e t a t i o n .  Molybdenum c o n c e n t r a t i o n s  i n  
a l l .  S u s i t n a  lowland overburden saruples ana lyzed  were <15 pptn; a t  t h i s  l e v e l ,  
tnolybdenum may be c o n c e n t r a t e d  i n  p l a n t  t i s s u e s  and cause  molybdenosis i n  
g r a z i n g  rumirlants.  Lead c o n t e n t  i n  t h e  overburden samples  ranged t o  abou t  
50 ppm; g e n e r a l l - y ,  materia1.s w i t h  l e a d  l e v e l s  h i g h e r  t h a n  10 pprn shou ld  be  
s e l e c t i v e l y  hand led .  

Dollhopf and o t h e r s  (197b) c i t e d  an example o f  mixing i n h a b i t o r y  s t r a t a  
( l e a d  concen t ra t . ion  1 5  ppm) w i t h  overburden s t r a t a  ( l e a d  c o n c e n t r a t i o n  1 pprn), 
which r e s u l t e d  i n  a  s p o i l - p i l e  c o n c e n t r a t i o n  of between 3 and 5 pprn l e a d .  If 
l e f t  near  t h e  reclai.nied s u r f a c e ,  concen t ra t i .ons  a t  t h i s  l e v e l  would n o t  harm 
p l a n t  growth.  S c a t t e r i n g  s p o i l  ma te r i a l .  through t h e  d r a g l i n e  swing c y c l e ,  
r a t h e r  t h a n  d u ~ p i n g  i t  a t  t h e  end of t h e  c y c l e ,  r e s u l t s  i n  a  more c h e m i c a l l y  
and p h y s i c a l l y  homogeneous and e n v i r o n m e n t a l l y  a c c e p t a b l e  s p o i l  medium. 

M a c r o n u t r i e n t s  and m i c r o n u t r i e n t s  

E x t r a c t a b l e - n u t r i e n t  l e v e l s  were ana lyzed  i n  43 overburden samples from 
s i x  s i t e s  i n  t h e  S u s i t n a  lowland ( t a b l e  2 2 ) .  R e s u l t s  i n d i c a t e d  t h a t  t h e  sam- 
p l e s  were d e f i c i e n t  i n  t h e  major  p l a n t  n u t r i e n t s  n i t r o g e n  and phosphorus  (and 
sometimes potaseiunl) ;  t h e s e  n u t r i c ~ i r s  woultl have t o  be zdcicd i f  t h e  overburden 



Table 24. Geometric means ( p p m )  for certain trace-elemeni contents in overburden samples from the Susiirta Lowland (preseni s tudy) ,  Capps coal f~eld,  and 
suites from other areas in the  conterminous United Slates (Hinckley and others, 1982). 

Capps field 
overburden, Ft. Union Kimbeto, Cretaceous 

Rock Susitna Lowland Beluga area, Frn N.M. overburden San Juan Basin 
Trace element types overburden 1979 1980 overburden overburden suite Topsoils Minesoils 

Boron 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

I Molybdenum 
a-J 
L- Nickel 
I 

Vanadium 

Yttrium 

Zinc 

a l - ~ o a r s e  grained (sandstones) 
2-Fine grained (claystones). 



F i g u r e  56. Range of c e r t a i n  t r a c e  e l e m e n t s  i n  overburden  m a t e r i a l s  a t  s i x  s i t e s  i n  the S u s i t n a  lowland.  
BR = Beluga R i v e r ,  CG = Capps G l a c i e r  a r e a ,  FM = F a i r v i e w  Mountain, PA = P e t e r s  H i l l s  a r e a ,  
SC = Sacurday Creek,  and WC = Wolverine Creek. 



were  t o  be  used  a s  a  s u b s o i l  medium. The o v e r b u r d e n  m a t e r i a l  was n o t  d e f i c i -  
e n t  i n  t h e  common t n i c r o n u t r i e n t s  ( i r o n ,  manganese,  z i n c ,  b o r o n ,  molybdenum, 
and c o p p e r )  a l t h o u g h  z i n c ,  bo ron ,  molybdenum, and manganese l e v e l s  i n  some 
samples  may p o i n t  t o  a  p o t e n t i a l  problem w i t h  m e t a l  p l iy to t rox ic i ty .  

In  sumrriary, c o a l  o v e r b u r d e n  e v a l u a t i o n s  o f  t h e  Sus i t r l a  lowland samples  
y i e l d e d  s i x  main r e s u l t s :  (1)  p c o r  t e x t u r e  z o n e s  c a n  o c c u r  i n  r e g r a d e d  s p o i l  
m a t e r i a l s  t h a t  w i l l  c a u s e  d r a i n a g e  and r e v e g e t a t i o n  p rob lems ;  ( 2 )  a n y  a c i d i t y  
p rob lems  w i l l  be  minor and l o c a l i z e d ;  (3) t h e  p o t e n t i a l .  f o r  development  of  
s a l i n e - s o d i c  s o i l  c o n d i t i o n s  i s  low; ( 4 )  t o x i c  l e v e l s  can  r e s u l t  l o c a l l y  f rom 
c e r t a i n  t r a c e  e l e m e n t s  s u c h  a s  b o r o n ,  molybdenum, and l e a d  i n  s p o i l  m a t e r i a l s ;  
( 5 )  p o s i t i v e  growth r e s p o n s e  can  be expec ted  when m a c r o n u t r i e n t s  n i t r o g e n  and 
phosphorus  a r e  zaded ;  and ( 6 )  c e r t a i n  m i c r o n u t r i e n t s  ( z i n c ,  b o r o n ,  molybdenum, 
and manganese)  a r e  n o t  d e f i c i e n t  b u t  can  c a u s e  problems of l o c a l  ~ e t a l  
p h y t o t o x i c i t y .  

CONCLUSIONS 

The T e r t i a r y  Renai  Group of  t h e  S u s i t n a  lowland i n  s o u t h c e n t r a l  A laska  
c o n t a i n s  s u b s t a n t i a l .  r e s e r v e s  o f  subb i tuminous  c o a l  s u i t a b l e  f o r  s u r f a c e  min- 
i n g .  Most c o a l  r e s o u r c e s  occupy a  c r e s c e n t - s h a p e d  b e l t  a l o n g  t h e  w e s t e r n  and 
s o u t h e r n  margin  o f  t h e  S u s i t n a  lowland .  Al though e s t i m a t e s  of  r e s o u r c e s  and 
r e s e r v e s  v a r y  s i g n i f i c a n t l y ,  t o t a l  m i n e a b l e  r e s e r v e s  amount t o  s e v e r a l  b i l l i o n  
t o r ~ s .  These  c o a l s  a r e  e s p e c i a l l y  a t t r a c t i v e  b e c a u s e  of  t h e i r  e x t r e m e l y  low 
s u l f u r  c o n t e n t  and t h e i r  p r o x i m i t y  t o  p r o s p e c t i v e  P a c i f i c  Rim m a r k e t s .  

The c o a l s  a r e  genera1l .y  comparable  i n  q u a l i t y  w i t h  t h o s e  of  t h e  Powder 
R i v e r  b a s i n  i n  t h e  w e s t e r n  U.S. C a l o r i f i c  and mean-maximum-reflectance v a l u e s  
i n d i c a t e  t h a t  most  S u s i t n a  lowland c o a l s  a r e  of  subb i tuminous  r a n k .  

Although t h e  c o a l s  a r e  l a t e r a l l y  d i s c o n t i n u o u s  and sometimes h i g h  i n  a s h  
c o n t e n t ,  t h e  numerous s e a m s - - p a r t i c u l a r l y  w i t h i n  t h e  Tyonek Formation--and t h e  
geochemica l  and p h y s i c a l  c h a r a c t e r  o f  t h e  e n c l o s i n g  s t r a t a  make s e v e r a l  c o a l -  
f i e l d s  e c o n o m i c a l l y  a t t r a c t i v e .  S u b s u r f a c e  i n f o r m a t i o n  i s ,  u n f o r t u n a t e l y ,  
s c a n t ,  and t h e  t r u e  extent :  o f  t h e s e  d e p o s i t s  i s  ~ ~ n k n o w r ~ .  

P e t r o l o g i c  s t u d i e s  i n d i c a t e  t h a t  most  S u s i t n a  lowland c o a l s  o r i g i n a t e d  i n  
f o r e s t - m o o r  e n v i r o n m e n t s  w i t h i n  t h e  t e l m a t i c  zone .  N o r t h e r n  Yentna f i e l d  c o a l s  
(uppe r  Tyonek and S t e r l i n g  Forma t ions )  p r o b a b l y  o r i g i n a t e d  i n  a  d r i e r  pa l eoen-  
v i ronmen t  ( p e r h a p s  i n  t h e  t e r r e s t r i a l  zone)  from t r e e - v e g e t a t i o n  p e a t s .  

Overburden i s  low i n  s u l f u r  ( < 0 . 5  p e r c e n t ) ,  which o c c u r s  ma in ly  i n  t h e  
o r g a n i c  form.  A c i d i t y  and h i g h  l e v e l s  of  s o l u b l e  s a l t s  and a d s o r b e d  sodium do 
n o t  a p p e a r  t o  c o n s t i t u t e  ma jo r  problems.  I s o l a t e d  a c i d  c o n d i t i o n s ,  however ,  
can  d e v e l o p ,  and l e v e l s  of c e r t a i n  t r a c e  e l e m e n t s  i n  ove rburden  m a t e r i a l s ,  
r e g r a d e d  s p o i l s ,  and s u r f a c e  and ground w a t e r s  s h o u l d  be  m o n i t o r e d .  T e x t u r e s  
i n  t h e  r e g r a d e d - s p o i l  p r o f i l e  can  pose  d r a i n a g e  and r e v e g e t a t i o n  p rob lems .  
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APPENDIX A 
General D e s c r i p t i o n  o f  Coal  Ou tc rops  



Table A1 . Coal locales. 

Maximum 
Locale Outcrop-section coal-bed 

no. Location Code thickness No. o f  coal beds thickness Dip General comments - 
1 Beluga River BR Approximately Over 12  observed; 10  f t  35O Numerous seams exposed laterally along river. Coals appear t o  be subbituminous; 

150  f t  described 7 described in predominantly dull, blocky, and hard; locally platy and bony. Thicker seams 
section near basal part o f  section have thin claystone partings. Underclays typically 

mediumgray sandy claystones. Sand content generally increases upward in the 
section. See app. C for description of  coal-bearing section. 

2 ~ e s h t a  Bay 

Camp Creek CpC 2 0 f t  
(Fairview Mtn 
area) 

Canyon Creek CnCl Approximately 1 
150  i t ,  only part 
of section described 

Canyon Creek CnC2 20 i t  exposed I 

Canyon Creek CnC3 . 

7 Canyon Creek CnC4 60-80 ft  I 

8 Canyon Creek CnC5 50  i t  exposed 1 

9 Canyon Creek CnC6 Only 10-15 i t  to 1 
first terrace above 
stream 

1 0  Canyon Creek CnC7 25 f t  1 

1 1  Canyon Creek CnC8 Varies laterally 1 

Dull, blocky coal with occasional thin vitrain bands; seam cxposed along coast 
in 10-mi long beachcrop of  Beluga Formation. Overburden and seatrock consist 
predominantly of  pebble sandstone and conglomerate; sandstone, light brown, 
medium grained, locally clayey. Top  of section contains very large boulders up 
to  scveral feet in diameter. 

15  ft  37O Predominantly dull, platy coal, becoming blocky toward basal portion; locally, 
exposed bony. Highly weathered o n  surface outcrop. Exposed for about 200 f t  along 

Camp Creek. Overburden and seatrock not exposed. 

14 ft 40° Predominantly dull, blocky coal, but with abundant thin vitrain bands. Isolated 
block of  Tertiary Kenai Group strata. Gravel (with cobbles generally < I  ft diam) 
covers overburden section. 

10 It 35O where Thermally altered(?) bed locally severely contorted because of structural deiorma- 
bedded, locally tion. Rim o f  bighly oxidized ironstone (hematite) forms aureole because of 
contorted effects of natural burning of coal bed. 

... ... Gradalional zones of  burn that include light-gray baked claystone with abundant 
plant fossils; cream-colored baked claystonc; pink to  light-red scoriaceous clinker 
with abundant hematite; and dark-red to maroon burn (pure hematite, locally 
specuiar). 

Over 20 f t  Slight dip Site about 50 yd south of  large burn area a t  CnC3. Coal locally appears thermally 
altered (bright, vitreous, with conchoidal fracture). Large talus slope beneath 
coal prevenh exact determination of  thickness and sampling of  seatrock. 

Ahout. 20 f t  IS0 Locale is just south o f  CnCI. Good exposure of seatrock. See app. C for deserip- 
exposed Lion of coal-bearing section. 

G f t  cxposed Nearly hori- Seam extends below stream. Locally, slightly slumped. Roof and floor not ex- 
Lo creek zontal posed. 
level 

10 f t  Steep Surface-weathering pattern on coal very distinctive. Possible volcanic-ash part- 
ing (tonstein). See app.  C for description of coal-bearing section. 

14 f t  Strong Complete scam thickness cxposed with claystone overburden and seatrock. Qual- 
ity of  seam deteriorates noticeably in basal 2 -3  ft. See app. C for dcscription of 
coal-baring section 

12  Capps Glacier area CGl Approximately 2 beds, Waterfall T o p 6  f t  lo0  Capps and Waterfall beds exposed across valley. Area heavily vegetated and 
25 i t  exposed and and Capps beds: exposed largely inaccessible. Seatrock is claystone: medium p a y ,  sandy. firm, breaks 
accessible only Waterfall in conchoidal blocks, with local yellow t o  orange goethitic staining. 

accessible 

1 3  Capps Glacier area CG2 25 f t  ... ... . . Section underlying Capps bed includes iron-oxide-stained, coarsegrained sand- 
stone with interlayered hematite bands and medium-gray, medium-grained hard 
sandstone. 



Table A l .  Coal locales (cont.) 

Locale Outcrop-section 
no. Location Code thickness No. of coal beds - 

14 Capps Glacier area CG3 30  i t  1. Capps bed 

1 5  Capps Glacier area CG4 5 0  f t  1 

1 6  Capps Glacier area CG5 1 3 0  f t  

17 Chuitna River CRI  30  ft  exposed 

1 8  Chuitna River CR2 20 f t  exposed 1 

2. Capps and 
Waterfall beds 

19 Chuitna River CR3 l o f t  1 

I 
1 

F 
20 Chuitna River CR4 Usually <10 f t  

I 
21 Chuitna River CR5 20 i t  2 

22 Chuitna River CR6 Up to  8 0  ft  exposed, 1 
but largely inacces- 
sible 

2 3  Chuitna River CR7 - - - ... 

24 Chuitna River CR8 6011 1 

25 Chuitna River CRY 8Oft  1 

2 6  Chuitna River CRlO 9 0 f t  1 

Maximum 
coal-bed 

thickness Dip General comments - - 
T o p 6 f t  3O 
exposed 

Overburden strata includes predominantly medium- t o  dark-gray carbonaceous 
claystone and dark gray to  black fissile, carbonaceous shales. One thin bed of  
calcareous sandstone (possibly siderite) with plant-leaf fossils. Seatrock inacces- 
sible. See app. C for description of coal-bearing section. 

About 20 f t  Slight Good lateral exposure o f  Capps seam along headland tributary o f  Capps Creek. 
exposed One prominent volcanic-ash parting and several other minor partings occur with- 

in the coal seam. Locally burned. See app. C for description of the coal-bearinp. 
section. 

About 30 f t  Slight Observed from across the valley o n  the south wall of Capps Creek canyon along 
inaccessible cliffs; full thickness of coal beds exposed. 

White-weathering pebbly sandstone beneath the Chuitna bed; coarse grained, 
locally slightly clayey; coal forms an anticlinal rim around top of outcrop. 

10 f t  ex- 30° Back of  anticline, exposure o f  Chuitna coal bed 
posed 

About 6 i t  30° Exposure of Chuitna bed alonp stream drainage; one limb of anticline forms 
exposed bottom of  stream bed. See app. C for description of coal-bearing section. 

Varies, 30° Coal a t  this locale is in the northeast-trending anticline described at  CR2 and 
generally CR3. 
4-6 f t  ex- 
posed 

Two seams separated by a 1.5-ft parting o f  claystone. Coal extremely weathered 
a t  this exposure. See a p p  C for description of coal-hearing section. 

>20 f t  Nearly hori- Outcrop of seatrock of Chuitna bed; weathered, friable sandstone and loose sand, 
zontal relatively clean, fine to medium-grained, predominantly quartz, but with dis- 

seminated black organic matter and extremely fine muscovite flakes. 

... .. . Outcrop of baked sandstone and shale with imprints o f  lcaf fossils. Burn ma- 
terialscoria,  porcellanite, clinker, 'red dog.' Different stapes of oxidation and 
varieties of vesicular hematite; local admixtures of pyrolusite (MnO2). 

Distinctive differential weathering surfaces (anastamoses) o n  sandstone roof 
rock of Chuitna coal Wd. The basal portion of the coal bed (1.2 i t )  appears t o  
be burned. Described from across river. 

30 f t  <fiO Good exposure of Chuitna bed along southwest wall o f  promontory, Poss~ble 
volcanicash parting within coal seam. See app. C for description of  coal-bearing 
section. 

6 f t  15O Exposure includes large area of  scoria and baked shale above the coal bed on the 
south valley wall o f  the Chuitna River. Monocline on  westward extcnsion (pos- 
sibly resulting from fault drag) flattens ou t  t o  the east. Extensive burn talus 
slopes toward basal portion of  outcrop. See app. C for description of coal-bearing 
section. 

27 Coal Creek CCI 200 ft Thick section of Kcnai Group strata exposed without coal beds. predominantly 
petromictic conglomerates and pebbly sandsloncs. but  wilh thin carbonaceous 
shale and claystone interbeds. Sec t~on  overl~cs coal-bearlng strata downstream. 



28 Coal Creek CC2 1 0  f t  exposed 

29 Coal Creek CC3 40  f t  exposed 

2 f t  Nearly hori- 
zontal 

Thin coal seam with roof and floor exposed. Described from across stream. 

About 25 ft  4O Good exposure of coal seam and seatrock, but roof is covered. Outcrop largely 
inaccessible. 

30  Drill Creek DC 60  l t  exposed 

3 i  Fairview Mtn. FMI 200 ft  

Coal platy t o  slightly blocky, firm to  hard with interbands of vitrain. Coal ex- 
posed In shallow synclinal basin o n  southern bank of Drill Creek. Barnes (1966) 
reported that  this bed was exposed in a sampling trench excavated by the U.S. 
Bureau of Mines ir. 1960. 

Seams A-F. The two lowest coal beds (seams A and B) are poorly exposed and 
highly weathered. The coal beds could thicken considerably downdip. Overburden 
section consists predominantly of petromictic conglomerates with coal and 
graphite cobbles and gravels. See app. C for description of coal-bearlng section. 

32 Fairview Mtn. F M 2  5 0 f t  Represents two lowest beds exposed a t  FMl  (seams A and B). The coal beds 
were exposed only by extensive digging at  an outcrop on the northwest slope of 
Fairview Mountain. See app.  C for desaiption of coal-bearing section. 

3 3  Friday Creek FC 20 f t  1 2  f t  ex- Nearly hori- 
posed zontal 
down to 
creek level 

Coal ia hard, platy, ashy, locaily vitrain-banded, but predominantly dull. Roof 
and floor unexposed. 

34 Johnson Creek JC1 >200 f t ;  only basal 
20 f t  described 

Lower sectlon of  exposure is composed of dark-gray graphitic claystone and 
graphite with white quartz veins, fracture fills, and nodules. A white calcite zone 
and an aquamarine weathering rim forms the boundary between the graphite and 
quartz. 

35 Johnson Creek JC2 150 It 
I 

3, only lower bed 
accessible 

Coal appears thermally altered, vitreous, with conchoidal fracture. Carbonaceous 
shale forms roof and floor. See app. C for description of  coal-bearing section. 

F 
v 36 Johnson Creek JC3 50  f t  exposed 
-4 

Crops ou t  in south wall o f  creek. Predominantly a dull, platy coal with few inter- 
banded bright coal layers. Located at base of quartz-pebble conglomerate and 
pebbly sandstone sequence. Coal bed has thin carbonaceous claystone parting 
toward base. Ironstone nodules occur locally in the roof and floor materials. 
Some burn material in immediate area. See app. C for description of coal-bearing 
section. 

37 Petersvillc area PA1 172 f t  I f t  Moderate Outcrop located on  west wall of Short Creek, a southward-flowing tributary of 
Cache Creek. Rapid vertical and lateral changes in lithologic facies. Coals are 
thin, hard, duli, and blocky. Overburden includes a claystone with distinctive 
coalified rootlets near the top of the stratigraphic sequence. See app. C for de- 
scription o f  coal-bearing section. 

36 Petersville area PA2 Varies laterally 4 f t  Near vertical Possible volcanic-ash parting in center of coal seam. Coal is woody. A dark-gray 
carbonaceous, feldspathic graywacke stands in relief about 1 5  f t  above coal bed. 
Exposure on  southwest wail o f  tr ibutxy o f  South Fork Creek bn southcast flank 
o f  Peters Hills. See app. C for description of coal-bearing section. 

39 Petersville area PA3 5 0 f t  

40  Saturday Creek SCI 1 5  f t  

Z ft o f  coal l S O  
separated by 
0.5-ft parting 

Outcrop located o n  Peters Creek near Lampoon Pond. Pebbly, coxse-grained 
sandstone roof and floor exposed. 

Banded claystone unit beneath coal exposed a t  SC2. Unit contains large oval 
concretions (up to 5 f t  diam) with hard sandstone centers. Some concretions 
have abundant coal banding and carbonacrous root,  branch, and leaf impressions. 
others have iron-r~ch (hematite) cores. 

41 Saturday Creek SCZ 50  ft  

42 Saturday Creek SC3 40  f t  

Possible flow-roll (ball and pillow) structures exhibited in prominent ledge about 
6 f t  below bottom of  coal seam. See app. C for description of coal-bearing section. 

Channel cutout (exposed in cross section) at  west side of outcrop; channel filled 
w ~ t h  sandstone and conglomerate. See app. C for description of  coal-bearing 
section 



Table A l .  Coal locales (cont. ) 

Locale Outaop-section 
no. Location Code thickness - 

43 Saturday Creek SC4 9 0  f t  

44 Skwentna River SR 60 f t  exposed 

45 Sunflower Creek SuC 70 ft 

46 Talachulitna River TR 1 0  ft 

47 Wolverine Creek WC1 Varies laterally 

I 
48 Wolverine Creek WC2 Varies laterally 

C 
w 
02 

Maximum 
coal-bed 

No. of coal beds thickness Dip -- General comments 

4 3 i t ;  top 25O Overburden largely covered but claystone roof o f  top seam exposed by trenching. 
2 beds One 0.3 f t  stringer of extremely hard coal that has conchoidal fracture. See app. 
separated C for description of coal-bearing section. 
by 2-ft 
parting 

2, only upper seam Upper seam 6' 
accessible 2 i t ;  lower 

seam approx 
5 i t  exposed 

Second seam of coal crops out  about 100 yd west at stream level. Claystone 
roof and carbonaceous shale floor exposed. Coal predominantly dull, platy, 
locally bony; quality deteriorates toward hasr of seam. See app. C for descrip- 
tion of coal-bearing section. 

> 50 ft  Top 2S0, ba.wl Lower portion of bed slumped. Roof and seatrock oi coa: nct  f~;.%ed. Appears 
part of bed t o  be very localized, near Mesozoic rocks. See app. C for description of coal- 
approx. 50° bearing section. 

3 f t  l B O  Metamorphosed Jurassic-Cretaceous greenstone rocks faulted and juxtaposed 
against coal about 100 i t  upstream. Sec app. C for description of coal-bearing 
section. 

7 i t  Nearly vertical Located a t  northern extremity of Mount Susitna. Two seams exposed, but section 
probably repeated. Claystone roof and floor well exposed. 

2 f t  Steep Claystone roof of upper scam contains distinctive iron-rich (hematite core; limo- 
nite rim) septarian nodules up to 2 in. diam. See app. C for description of coal- 
bearinl: section. 



Table A2. Sample inventory. 

Samples 
Overburden, 
interburden 

(partings), and 
Coal seatrock Petrographic 

5 11 a) 

BB1-3. (channel) 0 SB1-1p 

Locale 
no. 

Site 
code Name Comments 

See app. C for sample locations. 
Grab sziiiple for petrography taken ilear center of 
outcropping seam. 
Petrographic samples taken at  intervals within seam. 

Beluga River 
Beshta Bsy 

Camp Creek CpCl CpC1-1 (channel) CpC1-2 thru 
CpC1-7 
CnC1-2 thru 
CnC1-7 
CnC2-2 thru 
GnC2-6 
0 

Canyon Creek CnC 1 CnC1-1 (channel) 

CnC2-P (channel) 

CnC3-1 thru 
CnC3-5 
0 

Samples of gradational zones of burn material. 

CnC4-1 (channel) CnC4-2 thru 
CnC4-11 
0 
CnC6-2 thru 
CnC6-6 
9 
0 
CG1-lp 

Petrographic samples taken at  intervals within seam. 

0 
CnC6-P (channel) 

See app. C for sample locations. 
Petrographic samples taken a t  intervals within seam. 

Capps Glacier area 

1 (channel) 
1 (channel) 
CG1-l (channel) 

0 
3 
CG1-1 uncl 

See app. C for sample locations. 

Petrographic sample taken near middle of out- 
cropping portion of seam. 
No samples collected. 
See app. C for sample locations. 

0 
l (channel) 
5 (channels of 
seam and POP- 

tions o f )  
0 
0 
0 
1 (channel) 
0 
2 (channels of 
portions of seam) 
CR6-1 (channel) 
0 
0 
2 (channels of 
portions of seam) 
1 (channel) 

No samples collected. 
Sample of white-weathering pebbly sandstone. 
No samples collected. 
See app. C for sample locations. 
No sampies collected. 
See app. C for sample locations. 

Chuitna River 

Baked sandstone. 
No samples collected. 
See app. C for sample locations. 

CRlO See app. C for sample locations. 



Table A2. Sample inventory (cont.) 

Locale Site 
no. Name code 

Samples 
Overburden, 
interburden 

(partings), and 
Coal seatrock Petrographic Comments 

2 7 Coal Creek CC1 0 0 0 No samples collected. 
28 CC2 0 0 0 , I  

2 9 CC3 CC3-1 thru CC3-4 CC3 uncl CC3-lp thru Petrographic samples taken near center of channeled 
(channels of seam CC3-4p sections of outcropping seam. 

30 Drill Creek DC1 DC1-1, 0 DC1-lp Petrographic samples collected near center of 
DC1-2 DC1-2p channeled sections. 
(channels top and 
bottom half of 

Fairview Mountain 

Friday Creek 
Johnson Creek 

Petersville area 

Saturday Creek 

Skwentna River 
Sunflower Creek 
Talachulitna River 
Wolverine Creek 

,, 

FM1 
FM2 
FrC1 
JCI  

JC2 
JC3 
PA1 
PA2 
PA3 
SC1 

SC2 
SC3 
SC4 
SR1 
SuCl 
~ k l  
WC1 
WC2 

outcropping seam) 
5 
3 
FrC1-1 (channel) 
0 

1 (channel) 
2 (channels) 
3 (channels) 
1 (channel) 
2 (channels) 
0 

See app. C for sample locations. 

See app. C for sample locations. 

See app. C for sample locations. 

No samples collected. 
See app. C for sample locations. 



Table A-3. Specific location information for Susitna lowlard coal and overburden sampling sites. 

Site 
code 
- 

BR1 
BB1 
CpCl  
CnCl  
CnC2 
CnC3 
CnC4 
CnC5 
CnCG 
CnC7 
CnC8 
CG1 
CG2 
CG3 
CG4 
CG5 
CR1 
CR2 
CR3 
CR4 
CR5 
CR6 
CR7 
CR8 
CR9 
CRlO 
CC1 
CC2 
CC3 
DC1 
FhiI 1 
FhiI2 
FC1 
J C  1 
JC2 
JC3 
PA1 
PA2 
PA3 
SC1 
SC2 
SC3 
SC4 
SR1 
SuCl  
T R 1  
WC1 
WC2 

Coal-resource 
region 

Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southceiltral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
S o ~ ~ t h c e n t r a l  
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southceiltral 
Southcentral 
Soutllcentral 
Southcentral 
Southcentral 
Southcentral 
S o ~ ~ t h c e n t r a l  
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
Southcentral 
S o ~ ~ t h c e n t r a l  

Quadrangle 

Tyonek A-4 
Tyonek A-4 
Talkeetna B-3 
Tyonek D-5 
Tyonek D-5 
Tyonek D-5 
Tyonek D-5 
Tyonek D-5 
Tyonek D-5 
Tyonek D-5 
Tyonek D-5 
Tyonek B-5 
Tyonek B-5 
Tyonek B-5 
Tyonek B-5 
Tyonek B-5 
Tyonek A-5 
Tyonek A-5 
Tyonek A-5 
Tyonek A-5 
Tyoilek A-4 
Tyonek A-4 
Tyonek A-5 
Tyonek A-5 
Tyonek A-5 
Tyonek A-5 
Tyonek B-5 
Tyonek B-5 
Tyonek B-5 
Tyonelt B-4 
Talkeetna B-4 
Talkeetila B-4 
Tyonek C-5 
Talkeetna A-5 
Talkeetna A-4 
Talkeetna A-4 
Talkeetna B-3 
Talkeetna B-2 
Talkeetna B-2 
Tyonek C-5 
Tyonek C-5 
Tyonek C-5 
Tyonek C-5 
Tyonek D-6 
Talkeetna B-3 
Tyonek C-4 
Tyonek C-3 
Tyonek C-3 

Township 

1 3  N. 
11 N. 
27 N .  
1 9  N .  
1 9  N. 
1 9  N. 
1 9  N. 
1 9  N. 
20 N. 
20 N. 
20 N. 
1 4  N. 
1 4  N. 
1 4  N. 
1 4  N. 
1 4  N .  
1 3  N. 
1 3  N. 
1 3  N. 
1 3  N. 
1 2  N. 
1 2  N. 
1 3  N. 
1 2  N .  
1 2  N. 
1 3  N .  
1 6  N. 
1 6  N. 
1 6  N. 
1 5  N .  
2 6  N .  
2 6  N. 
1 9  N. 
2 3  N. 
2 3  N. 
2 3  N. 
28  N .  
27 N.  
27 N. 
1 8  N .  
1 8  N. 
1 8  N. 
1 8  N .  
22 N .  
27 N .  
1 9  N. 
17  N. 
17  N. 

Range 

11 W. 
11 W. 
12  W. 
1 3  W. 
1 3  W. 
1 3  W. 
1 3  W. 
1 3  W. 
1 4  W. 
1 3  W. 
1 3  W. 
1 4  W. 
1 4  W. 
1 4  W. 
1 4  W. 
1 4  W. 
1 3  W. 
1 3  W. 
1 3  W. 
1 3  W. 
1 2  W. 
1 2  W. 
1 3  W. 
1 3  W. 
1 3  W 
1 3  W. 
1 3  W. 
1 3  W. 
1 3  W. 
12  W. 
12  W. 
12  W. 
1 3  W. 
1 5  W. 
1 5  W. 
1 4  W. 
10  W. 

8 W. 
8 W. 

1 3  W. 
1 3  W. 
1 3  W. 
1 3  W. 
1 5  W. 
12  W. 
12  W. 

9 W. 
9 W. 

Section Latitude Longitude 



APPENDIX B 
Coal-analysis data 



Coal field, 
bed 

Beluga, 
Waterfall 
Yentnz, 
Sunflower 

(upper) 
Yentna, 
Sunflower 

(lower) 

Tzb!e 3-1. Concentration o f  major oxides in ash of  raw coals (%). From R a o  and Wol f f ,  1,081. 

ASTM Thickness, Ash (%) 
rank 'm (ft) Sample SiOp A1203 Fe203  MgO CaO Na2O K 2 0  Ti02 M n 0  

----- - ---- 
Subbit. C 9.1 UA-113 41.0 28.9 6.7 1.9 16.6 0.18 2.1 0.8 0.10 

(30) 
Lignite 3.0 UA-115 15.8 33.3 9.5 6.3 28.0 0.26 1.0 1.1 0.12 

(10) 

Lignite 3.0 UA-116 11.6 27.9 10.6 7.4 37.2 0.27 0.6 0.8 0.13 
(10) 

Table B-2. Concentration o f  trace e l exen t s  in raw cool oshes (ppm) .  From Roo  and Ifiolff, 1981.  

Sample Ag Ba Co Cua Cr Ga Mo Nia Pb Sn 
- -  

B - V Zna Zr 
- -  - - -  - -  - - - - -  

UA-113 N.D. 130 5,200 88  164 230 52 N.D. 121  110 N.D. 360 182 420 
UA-115 3 320 5,700 35 230 160 47 N.D. 130 42 48 220 100 480 
UA-116 1.6 370 5,500 98 250 170 31  1 0  165 8 3  28 240 120 750 

a~tomic  absorption. 



Table B-3. Vitrinite-reflectance data as measured f rom 
ulmini te  macerals, selected Susitila lowland coals. 

Sample 

BB1-1 
BR1-1 
BR1-4 
BR1-8 
BR1-12 
BR1-15 
CpCl-1 
CnC1-1 
CnC2-1 
CnC2-2 
CnC2-3 
CnC2-4 
CnC2-5 
CnC2-6 
CnC4-1 
CnC4-2 
CnC4-3 
CnC4-4 
CnC4-5 
CnC4-6 
CnC4-7 
CnC4-8 
CnC4-9 
CnC4-10 
CnC4-11 
CnC6-1 
CnC7-1 
CnC8-2 
CG1-1 
CG3-10 
CG4-1 
CG4-2 
CG4-4 
CG4-5 
CR3-1 
CR5-1 
CR5-3 
CR6-1 
CR9-1 
CR10-1 
CC3-1 
CC3-4 
DC1-1 
DC1-2 
FM1-2 
FM1-4 
FM1-7 
FM1-10 
FM1-13 
FM2-1 
FM2-2 
FM2-6 
FM 2 -8 
FrC1-1 
JC3-1 
JC3-5 

Frequency histogram-vitrinite types (%) 
V2 V3 V 4 V5 V6 ----- 

26 42 3 2  
20 70  4 4 2 
48 42 1 0  

6 2 3 8 
46 42 1 2  

7 4 22 4 
1 2  6 8  20 

2 5 4  42 2 
1 8  70 1 2  
1 6  76  8 

9 8  2 
6 9 2  2 
8 9 2  
2 9 4  4 

44 5 4  2 
34  5 6  1 0  
32 62 6 
26 70  4 

4 9 4  2 
56 42 2 
8 2  1 6  2 
26 7 4  

6 72  22 
1 2  88 

8 8 8  4 
1 2  8 0  8 
34  6 2  2 2 

4 8 8  8 
4 2 52 6 
8 2  1 6  2 
32 5 2 1 4  

8 70 22 
1 4  48 36 2 
1 8  68  1 2  2 

7 6 22 2 
58  3 8 4 

1 4  8 2  4 
42 4 4 1 2  2 
6 0 3 8 2 
6 4 3 4 2 

24 58  1 6  2 
7 2 2 8 

6 48  2 6 1 8  2 
4 8 8  8 

68  2 6 6 
4 8 48 4 

8 5 6  3 4 2 
1 0  70 1 8  2 

50 50 
58  36  6 
1 2  7 8  1 0  
30 5 4  1 6  

100  
4 6 4  2 8 4 
2 76 2 0 2 

1 2  66 1 8  4 

Mean maximum 
reflectance (Rom%) 



Table B-3. Vitrinite-reflectance data,  selected Susitna 1 owland coals (cont . )  

Sample - 
PA1-5 
PA1-32 
PA1-34 
PA2-1 
PA3-1 
SC2-3 
SC3-1 
SC4-2 
SC4-4 
SC4-7 
SC4-12 
SR1-2 
TR1-1 
WC1-3 
WC1-4 
WC2-4 
WC2-9 
WC2-10 
WC2-14 

Frequency histogram-vitrinite types (%) - 
v 2  v 3 - - v4 -- V 5  V6 - -- 

Mean m a x i ~ u m  
reflectance (Rom%) 

Table B-4. Relationsizip be tween  rank and vitrinite 
reflectance. Modi f ied  f r o m  Rao ,  1976 and 
Ting,  1978. By  this classification, all Susitna 
lowland coals are subbi tuminous .  

Reflectance 
Rank (Rom, %) 

- 

Lignite 
Subbituminous coal 
High-volatile bituminous coal 
Medium-volatile bituminous coal 
Low-volatile bituminous coal 
Semianthracite 
Anthracite 
Meta-anthracite 



Table B-5. Calculations relating to  coal quality. 

Sample 

BB1-1 
BR1-1 
BR1-4 
BR1-8 
BR1-12 
BR1-15 
CpC1-1 
CnCl-1 
CnC2-1 
CnC4-1 
CnC6-1 
CnC7 -1 
CnC8-2 
CC3-1 
CC3-2 
CC3-3 
CC3-4 
CG1-I 

I CG3-10 
r CG4-1 

CG4-2 
CG4-3 

I CG4-4 
CG4-5 
CR3-1 
CR5-1 
CR5-3 
CR6-1 
CR9-1 
CR9-3 
CR10-1 
DC1-1 
DC1-2 
FM1-2 
FM1-4 
FM1-7 
FM1-10 
FM1-13 
FM2-1 
FM2-2 
FM2-6 
FrC1-1 
JC2-2 
JC3-1 
JC3-5 
PA1 -5 
PA1-32 
PA1-34 

Carbon 
ratioa 

50.4 
40.6 
41.0 
41.9 
40.4 
41.7 
43.2 
49.6 
48.7 
49.2 
45.8 
49.2 
49.2 
48.7 
46.6 
47.4 
44.9 
47.4 
39.7 
48.8 
46.6 
46.0 
50.2 
47.0 
52.6 
45.3 
44.6 
46.1 
46.5 
46.0 
47.3 
51.3 
48.2 
47.5 
47.1 
50.5 
46.7 
44.9 
42.2 
43.3 
36.8 
47.0 
54.5 
42.1 
45.3 
45.4 
40.1 
36.8 

Perch & Ru 
ratiob 

0.82 
0.85 
0.82 
0.82 
0.81 
0.82 
0.83 
0.87 
0.84 
0.85 
0.81 
0.86 
0.86 
0.77 
0.82 
0.78 
0.78 
0.76 
0.76 
0.82 
. . . 

0.80. 
0.81' 
0 .8 i j  
0.83 
0.82 
0.83 
0.85 
0.84 
0.85 
0.84 
0.84 
0 .63  
0.85 
0.84 
0.85 
0.84 
0.81 
0.80 
0.85 
0.93 
0.84 
0.85 
0.84 
0.85 
0.83 
0.82 
0.92 

s e l l  Fuel 
ratioC - - 

1.02 
0.68 
0.69 
0.72 
0.68 
0.72 
0.76 
0.98 
0.95 
0.97 
0.85 
0.97 
0.97 
0.95 
0.87 
0.90 
0.81 
0.90 
0.66 
0.95 
0.87 
0.85 
1.01 
0.89 
1.11 
0.83 
0.80 
0.86 
0.87 
0.85 
0.90 
1.05 
0.93 
0.90 
0.89 
0.99 
0.88 
0.81 
0.73 
0.76 
0.58 
1 .13  
1.20 
0.73 
0.83 
0.83 
0.67 
0.58 

H value of 
~ o r d *  Dry, mrn-free FC Dry, mm-Bee VM Moist, mm-free Btu Apparent Mineral matter 

(Btullb) (% )e ( a ) '  (per Ib)g rank 
-- ( a ) h  

Subbit B 
Subbit B 
Subbit C 
Subbit C 
Subbit C 
Subbit C 
Subhit B 
Subbit B 
Subbit B 
Subbit B 
Subbit B 
Subbit B 
Subbit B 
Subbit C 
Subbit B 
Subbit C 
Subbit C 
Subbit C 
Subbit C 
Subbit C 
. - .  

Subbit C 
Subbit ~j 

Subbit BJ 
Subbit B 
Subbit C 
Subbit B 
Subbit C 
Subbit B 
Subbit B 
Subbit B 
Subbit B 
Subbit B 
Subbit B 
Subbit B 
Subbit B 
Subbit B 
Subbit A 
Subbit C 
Subbit B 
Subbit B 
Subbit B 
Subbit B 
Subbit C 
Subbit B 
Subbit B 
Subbit B 
Subbit A 

DuLong's 
equation1 
(Btullb) 



a FC ,100 
FC + VM 

bR = Moist. mm-free Btu 
Dry. mm-free Btu 

CFC 
VM 

I 

r dH = Btu - 4050s 

td 100 - (M+A+S) loo 
\(3 

FC - 0.155 x 100 
I 100 - (M+1.08A +0.55S) 

f~~~ - dry, mm-free FC 

P. Biu - 505 , 
100 - (1.OEA + 0.55s) 

Subbit C 
Subbit C 
Subbit C 
Subbit C 
Subbit B 
Subbit B 
Subbit C 
Subbit B 
Subbit B 
Subbit B 
Subbit B 
Subbit A 
Subbit B 
Subbit B 
Subbit B 
Hv B bit 
Subbit B 
Subbit B 

j ~ h e  total sulfur value used in calculations was 0.01 when actual value by analysis was <0.01. 



Table B-6. Classification of coals by rank.a From ASTM, 1 9 8 1 . ~  

Class Group 

I. Anthracitic 

11. Bituminous 

I 
111. Subbituminous 

IV. Lignitic 

1. Meta-anthracite 
2. Anthracite 
3. semianthracited 

Fixed carbon 
limits, percent 
(dry, mineral- 

matter-free basis) 

Equal or 
greater Less 

than than -- 

Calorific value limits, 
Volatile matter limits, Btu per pound 
percent (dry, mineral- ( m o i ~ t , ~ ,  mineral- 

matter-free basis) matter-free basis) Agglomerating character 

Equal or 
Greater Equal or greater Less 

than less than than than -- 

9 8 .-. - - - - - - - - - 2 
9 2 9 8 2 8 - - -  - - - 1 Nonagglomerating 
8 6 9 2 8 14 - - -  - - - 

1. Low volatile bituminous coal 7 8 8 6 1 4  2 2 - - -  - - -  
2. Medium volatile bituminous coal 69 7 8 2 2 3 1 - - -  : I ] Commonly agglomeratinge 
3. High volatile A bituminous coal - - -  69 3 1 . - -  1 4  0 0 0 ~  
4. High volatile B bituminous coal - - .  - - -  . - -  - - -  13 0 0 0 ~  14 000 
5. High volatile 6: bituminous coal --.  ... .- .  - - -  11 500 13 000 

10 500 11 500 Agglomerating 

1. Subbituminous A coal 
2. Subbituminous B coal 
3. Subbituminous C coal 

1. Lignite A 
2. Lignite B 

10 500 11 500 
9 500 10 500 
8 300 Nonagglomerating 

%his classification does not include a few coals. principally nonbanded varieties, which have unusual physical and chemical properties and which come within the limits of fixed carbon or 
calorific value of the high-volatile bituminous and subbituminous ranks. All of these coals either contain less than 48% dry. mineral-matter-free fixed carbon or have more than 15.500 moist, 
mineral-matter-free British thermal units per pound. 

b ~ m e r i c a n  Society for Testing and Materials. 1981. Standard specifications for  classification of coals by rank (ASTM designation D-388-77): 1981 Annual book of ASTM standards. part 26. 
p. 212-216. 

' ~ o i s t  refers to coal containing its natural inherent moisture but not including visible water on the surface of  the coal. 
d ~ f  agglomerating. classify in low-volatile group of the bituminous class. 
elt is recognized that there may be nonagglomerating varieties in these groups of the bituminous class, and that there are notable exceptions in high volatile C bituminous group. 
f ~ o a l s  having 69% or more fixed carbon on  the dry, mineral-matter-free basis shall be classified according to fixed carbon. regardless of calorific value. 



Table B-7. Total sulfur,  selected Susitna lowlartd coal 
samples. 

Sample 
Total sulfur (%) 

2 

"1 - A s  received 
2 - Moisture free 
3 - Moisture and ash free 



Table B-8. Sul fur  species, selected Susitna lowland coals (%). 

Sample 

BR1-1 
CnC7-1 
CnC8-2 
CG3-10 
CG4-1 
CR9-1 
CR9-3 
CR10-1 
FM1-2 
FM1-4 
FM1-7 
FM1-10 
FM1-13 
FM2-2 
FM2-6 
JC3-1 
SC2-2 
SC2-3 
SC3-1 
SC4-2 
s c 4 - 4  
SR1-2 
TR1-1 
WC1-3 
WC2-10 

Organic 
2 

0.14 
0.37 
0.23 
0.20 
0.23 
0.22 
0.27 
0.1 1 
0.14 
0.24 
0.16 
0.19 
0.23 
0.17 
0.22 
0.22 
0.21 
0.13 
0.22 
0.29 
0.21 
0.48 
0.39 
0.22 
0.17 

Pyritic 
2 

0.01 
0.01 

<0.01 
0.01 
0.01 

<0.01 
< O . O l  
<0.01 

0.01 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 

<o .o 1 
0.05 
0.01 

Sulfate 
1 2 - - 

0.01 0.01 
0.03 0.03 
0.01 0.01 
0.03 0.03 
0.03 0.04 
0.01 0.01 
0.02 0.02 
0.00 0.00 
0.05 0.06 
0.02 0.02 
0.04 0.05 

<O.Ol < O . O l  
< O . O l  < O . O l  

0.01 0.01 
< O . O l  < O . O l  

0.05 0.06 
0.03 0.04 
0.04 0.05 
0.03 0.04 
0.01 0.01 
0.01 0.01 
0.12 0.14 
0.01 0.01 
0.33 0.39 
0.01 0.01 

al - As received; 2 - moisture free; 3 - moisture and ash free. 

Table B-9. A s h  (%) and chemical analyses o n  coal f r o m  the  Beluga field, 
as-received basis ( p p m ) .  From Conwell ,  1977b. 

Field 
sample Ash (%)a   AS^ Fc ~g~ Sbe sef Thg ------  u g - 

Total 
1 2 -- 

0.14 0.16 
0.35 0.41 
0.21 0.24 
0.19 0.24 
0.24 0.28 
0.19 0.23 
0.25 0.29 
0.10 0.11 
0.19 0.21 
0.23 0.27 
0.20 0.23 
0.18 0.20 
0.22 0.24 
0.17 0.19 
0.22 0.23 
0.25 0.30 
0.23 0.27 
0.16 0.19 
0.22 0.27 
0.26 0.31 
0.20 0.23 
0.53 0.63 
0.32 0.40 
0.56 0.66 
0.17 0.19 

:Determined gravimetrically (ashed at 5 ~ 5 ~ ~ ) .  
Determined by graphite furnace - atomic absorption method. 

:Determined by specific-ion-electrode method. 
Determined by wet oxidation + atomic absorption method. 

e ~ e t e r m i n e d  by Rhodamine-B method. 
f ~ e t e r m i n e d  by X-ray fluorescence. 
g ~ e t e r m i n e d  by delayed-neutron method. 



Table B-10. Chemical analyses o n  coal ash, major oxides, and chlorine (76) o f  coal from the Beluga field. From Conwell, 
1977b. 

Field 
sample A1203 SiQ2 CaO P2Q5 T i 0 2  MnO Fe2Q3 K 2 0  MgO Na20a SO3 61 - - - __ - __ - - - - - - 

a~eterrnined by atomic absorption; all  others determined by X-ray fluorescence. 

Table B-11. Proximate analyses, ultimate analyses, and calorific value o f  coal f rom the Beluga field. From Conwell, 19776. 

Proximate analyses (%) Ultimate a n a l y m  Calorific 
Field Voktile Fixed value 

sample Conditiona Moisture matter carbon Ash Hydrogen Carbon Nitrogen Oxygen Sulfur (Btu)  --- --- 

al - air dried; 2 -as  received; 3 - moisture free; 4 - moisture and ash hee. 



Table B-12. Chemical analyses on coal-ash trace elements (ppm)  in coal from the Beluga field. From Conwell, 1977b 

Field 

sample B Ba Be Cda C o  Cr Cua Ga La Lia Mna M o  Nb  Ni  Pba Sc Sr V Y Y b  Zna Zr 
-- --------------------- 

a~etermined by atomic absorption; all others determined by six-step spectrographic analysis. 
N - Not determined or below detection. 
Elements not detected or below limit of determination include: Ag, Au. Bi, Cd. Pd. Pt, Sb, Te. W. Ce. Ge, Hf, In, Li, Re. Ta, Th, T1. Eu, Pr, ~ d ,  sm,  Gd 
Tb, DY, Ho. Er. Tm, and Lu. 

Table B-13. Fusibility o f  ash und sulfur forms in coal [rom the Beluga field. From Conwell, 1977b. 

Fusibility (OF) Sulfur fo rm (%) - - . --- 
Field Initial 

sample Conditiona deformat ion Softening Fluid Sulfate Pyritic Organic 

1 2,200 2,230 2,260 0.03 0.00 0.10 
6 combined 2 0.03 0.00 0.13 
7 51 3 0.04 0 .OO 0.14 

-- -- 
al - air dried, 2 - as received. 3 - moisture free. 



T a b l e  B-14. Proximate analysis 

S a m p l e  M o i s t u r e  (%) 

la 2 3 - -- - 
14.2 - - - - 
17.2  - -  - - 
17.3 - - - - 
17.3 - -  - - 
16.7 - -  - - 
17.0 - -  - - 
16.3 - -  - -  
12.4 - -  - -  
15.0 - - - - 
14.3  - - - - 
13.3 - -  - -  
13.7 - -  - -  
13.6 - -  - -  
20.3 - -  - -  
18.5 - - - - 
15.4 - - - - 
15.1 - - - - 
19.0 - -  - -  
16.5 - - - - 
16.3 - - - - 
15.5 - -  - -  
17.0 - - - - 
16.2 - -  - - 
14.1 - - - - 
15.2 - - - - 
14.1 - - - - 
13.9 - - - - 
21.9 - -  - -  
16.3  - -  - -  
20.2 - - - - 
19.9 - -  - -  
14.8  - - - - 
15.0 - -  - -  
11.8  - - - - 
13.8 - -  - -  
13.4 - -  - -  
13.6 - -  - -  
11.2 - -  - -  
18.3 - -  - - 
13.9 - - - - 

7.3 - -  - -  
13.8 - - - - 
14.3 - - - - 
14.9 - - - - 
13.7 - -  - -  
15.9 - - - - 
16.5 - - - - 

8.0 - -  - -  
14.9 - -  - -  
12.7 - - - - 
15.6 - - - - 

V o l a t i l e  m a t t e r  (%) 

1 2 3 --- 

44.3 51.6 59.4 
44.5 53.7 59.0 
41.8 50.5 58.0 
42.3 51.1 59.5 
42.5 51.1 58.4 
37.0 44.6 49.7 
46.1 55.1 56.7 
40.3 46.0 50.4 
37.0 43.5 51.4 
39.4 46.0 50.8 
42.8 49.3 64.1 
40.5 46.9 50.8 
39.5 45.8 50.9 
38.1 47.8 52.6 
30.4 37.3 60.3 
31.9 37.7 51.2 
32.6 38.4 53.5 
38.9 48.0 54.0 
32.6 39.1 49.8 
34.5 41.2 53.0 
32.3 38.2 47.4 
39.6 47.7 54.7 
42.9 51.1 55.3 
40.9 47.7 53.9 
40.5 47.7 53.5 
40.8 47.6 54.1 
35.2 40.9 52.7 
37.1 47.4 51.2 
36.6 43.7 53.3 
37.3 46.7 52.6 
38.7 48.3 55.2 
37.0 43.5 48.7 
35.4 41.7 51.8 
27.1 30.8 52.6 
31.7 36.7 52.9 
36.1 41.7 50.3 
33.2 38.4 53.3 
38.7 43.6 55.1 
40.6 49.7 57.9 
43.6 50.6 56.7 
25.9 27.9 63.1 
35.2 40.8 52.9 
36.5 42.6 45.6 
40.4 47.4 57.9 
37.8 43.8 54.6 
38.6 45.9 54.6 
43.5 52.1 59.9 
38.4 41.8 63.2 
39.1 46.0 60.5 
35.2 40.3 58.7 
35.8 42.4 56.4 

F i x e d  c a r b o n  (%) - 

1 -- 2 3 - -  
30.3 35.3 40.6 
30.9 37.3 41.0 
30.2 36.6 42.0 
28.7 35.8 40.5 
30.4 36.4 41.6 
37.6 45.2 50.3 
35.2 42.1 43.3 
39.7 45.3 49.6 
35.1 41.3 48.6 
38.1 44.5 49.2 
36.2 41.9 45.9 
39.3 45.5 49.2 
38.3 44.2 49.1 
34.3 43.0 47.4 
20.0 24.5 39.7 
30.4 35.9 48.8 
28.4 33.5 46.5 
33.2 41.0 46.0 
32.9 39.3 50.2 
30.6 36.6 47.0 
35.8 42.3 52.6 
32.8 39.5 45.3 
34.5 41.3 44.7 
35.0 40.7 46.1 
35.2 41.6 46.5 
34.7 40.3 45.9 
31.6 36.7 47.3 
35.2 45.2 48.8 
32.0 38.3 46.7 
33.6 42.2 47.4 
31.5 39.3 44.8 
39.0 45.7 51.3 
33.0 38.8 48.2 
24.5 27.7 47.4 
28.2 32.7 47.1 
35.7 41.2 49.7 
29.1 33.7 46.7 
31.5 35.5 44.9 
29.6 36.2 42.1 
33.3 38.7 43.3 
15.1 16.4 36.9 
31.2 36.3 47.1 
43.7 50.9 54.4 
29.4 34.6 42.1 
31.3 36.3 45.4 
32.1 38.2 45.4 
29.1 34.8 40.1 
22.4 24.3 36.8 
25.6 30.0 39.5 
24.7 28.3 41.3 
27.6 32.7 43.6 

Ash (%) 

1 2 3 -- - - 
11.2 13 .1  - -  

7.4 9.0 - - 
10.7 12.9 - - 
11.7 14.1 - - 
10.4 12.5 - - 

8.4 1.0.2 - - 
2.4 2.8 - - 
7.6 8.7 - -  

12.9 1.5.2 - - 
8.2 9.5 - - 
7.7 8.8 - -  
6.5 7.6 - - 
8.6 1.0.0 - - 
7.3 9.2 - -  

31.1 38.2 - - 
22.3 26.4 - - 
23.9 28.1 - - 

8.9 1.1.0 - - 
18.0 21.6 - -  
18.6 22.2 - - 
16.4 1.9.5 - - 
10.6 1.2.8 - - 

6.4 7.6 - - 
10.0 1.1.6 - - 

9.1 1.0.7 - - 
10.4  1.2.1 - - 
19.3 22.4 - - 

5.8 7.4 - - 
15 .1  18.0 - - 

8.9 11.1 - - 
9.9 3.2.4 - -  
9.2 10.8 - - 

16.6 1.9.5 - - 
36.6 41.5 - - 
26.3 30.6 - - 
14.8 17.1 - - 
24.1 27.9 - - 
18.6 20.9 - - 
11.5 1.4.1 - - 

9.2 10.7 - - 
51.7 55.7 - - 
19.8  22.9 7 - 

5.5 6.5 - - 
15.3  18.0 - - 
17.2  19.9 - -  
13.4  15.9 - - 
10.9 13.1 - - 
31.2 33.9 - - 
20.4 24,O - -  
27.4 31.4 - - 
21.0 24.9 - - 

H e a t i n g  value 
(Btu/lb) 

1 2 - -- 

8480 9880 
8530 10300 
8310 10060 
8070 9750 
8170 9810 
8980 10820 
9570 11430 
9620 10980 
8240 9700 
9360 10920 
9820 11330 
9230 10700 
9230 10690 
8640 10840 
5640 6920 
7160 8460 
7060 8320 
8580 10600 
7560 9050 
7590 9070 
8220 9730 
8300 10000 
8990 10720 
8200 9550 
8800 10380 
8820 10270 
8040 9350 
8480 10860 
8160 9750 
8580 10750 
8250 10310 
9030 10600 
8150 9580 
5790 6570 
6890 7990 
8290 9580 
7090 8210 
8650 9740 
7770 9510 
8870 10300 
4570 4930 
7780 9020 
9630 11240 
7320 8590 
7840 9090 
8160 9700 
9050 10840 
7360 8000 
7490 8780 
6640 7610 
7170 8500 

al - As received 
2 - Moisture free 
3 - Moisture and ash free 



Table B-14. Proximate analysis (cont.)  

Sample Moisture (%) Volatile mat ter  (%) 

1 2 3 --- 
41.2 49.1 53.3 
39.4 46.7 50.3 
32.9 39.9 52.2 
40.6 48.5 53.9 
41.2 48.8 52.9 
38.8 47.4 49.0 
33.2 40.3 53.5 
31.2 36.6 49.6 
37.9 46.4 49.0 
35.3 41.6 45.9 
31.5 36.7 56.1 
32.0 37.9 52.2 
29.9 34.6 50.3 
33.3 39.1 50.3 
30.6 36.0 50.4 

Fixed carbon (%) Ash (%) 

1 2 -- 
7.0 8 .3  
6.1 7.2 

19 .5  23.6 
8.3 10.0 
6.6 7.8 
2.8 3.4 

20.4 24.7 
22.3 26.2 

4.3 5.3 
7.9 9.3 

29.6 34.5 
23.2 27.4 
27.2 31.3 
18 .9  22.2 
24.3 28.6 

Heating value 
(Btu/ lb)  

- 

3 1 2 - - -  
- .  8510 10130 
- - 9030 10690 
- 7580 9180 
- - 8370 10000 
- - 9010 10660 
- . 9490 11580 
- - 7500 9100 
- - 7260 8520 
- - 10960 13400 
- - 9350 11020 
- - 6570 7660 
- - 7370 8710 
- - 9240 10670 
- - 8030 9430 

7160 8430 



APPENDIX C 
Geologic  Columns w i t h  Sampling Loca t ions  



BELUGA RIVER SEAMS 
SITE: BR1 

LITHOLOGIC DESCRIPTION 

23 Coal (inaccessible); section discontinued. 

22 Sandstone, clayey. medium-gray (N5). medium-grained. 
f i i .  

21 Claystone, slightly sandy, light-olive-gray (5Y 6/1), streak- 
ed olive-gray (5Y4/1), firm. 

20 Coal, brownish-black, dull. bony. hard. 

19 Sandstone, slightly clayey, olive-gray (5Y4/1) with gray- 
ish-black (N2) coaly inclusions, medium-grained with 
disseminated, very fine muscovite, friable. 

1 8  Claystone, slightly sandy. light-olive-gray (5Y6/1) with 
medium-olive-gray (5Y5/1) to  olive-gray (5Y4/1) streaks, 
finely disseminated black organic matter and thread- 
like stringers of coal, locally iron-oxide-stained. 

17 Coal. black. dull. platy. bony. hard. 

1 6  Sandstone, light-olive-gray (5Y6/1) with black (Nl) 
coaly inclusions, medium-grained. organic, firm. 

1 5  Sandstone. clayey, light-olive-gray (5Y 5/1), medium- 
grained, disseminated black organic matter and fine 
muscovite, locally friable. 

1 4  Sandstone, medium-gray (N5). medium- to coarse-grained. 
abundant disseminated black organic matter ("salt and 
pepper"), friable, soft. 

1 3  Claystone, sandy, light-olive-gray (5Y6/1) with pale yel- 
lowish-orange (10YR8/6) mottling, firm but weathered 
soft locally. 

12 Coal. black. dull. platy. hard, bony. 

11 , Sandstone. medium-olive-gray (5Y5/1), speckled white 
(N9) and black (Nl),  organic. medium-grained, hard 
with coal spars at top; below sandstone, medium gray 
(N5), medium grained, weathered, friable, soft. 

10 Claystone, sandy. medium-olive-gray (5Y5/1) with olive- 
black (5Y2/1) streaks, predominantly, and sandstone, 
clayey, medium-pray (N5). medium-grained, firm, inter 
bedded with few thin (less 0.5 ft) coal stringers. 

9 Shale, carbonaceous, brownish-gray (5Y4/1), firm to 
hard, iron-rich, slightly fissile. 

8 Coal. black. dull, hard, bony. 

7 Claystone, sandy, medium-olive-gray (5Y5/1) with fine 
brownish-black (5YR2/1) coaly inclusions, firm, Pre- 
dominantly. but interbedded with sandstone, clayey. 
medium-gray (N5), medium-grained, locally weathered 
and friable, and thin (less 0.5 ft) coal stringers. 

6 Coal (inaccessible). 

5 Sandstone. medium-gray, medium- to coarse-grained, 
friable, firm. 

4 Coal (inaccessible). 

3 Claystone, sandy, medium-gray, firm, and sandstone, 
clayey, medium-gray, medium-grained, soft to firm inter 
bedded. 

2 Parting , claystone, sandy, brownish-gray (5YR4/1) 

\ 
with dark-gray (N3) coaly inclusions, firm. 

'\ 1 Coal, black. dull, platy. woody, locally bony. 



CANYON CREEK SEAM 
SITE CnC5 

LITHOLOGIC DESCRIPTION 

SAMPLE 

7 Roof covered and inaccessible. 

6 Canyon Bed; coal, black, dull, blocky with few vitrain 
bands, hard;locally platy and ashy. 

SEATROCK 
5 Claystone, sandy. olive-black (5Y/1), carbonaceous, firm. 

4 Claystone, pinkish-gray (5YR8/1) with grayish-black 
(N2) to black (Nl)  coaly inclusions, locally carbonaceous. 
rooted, weathered and soft. 

3 Shale, carbonaceous, black (Nl), fissile, highly weathered, 
soft. 

2 Claystone, slightly sandy. pinkish-gray (5YR8/1) with 
grayiah-black (N2) coaly inclusions and black (Nl) die 
seminated organic matter, firm; 0.2 ft band of shale, 
carbonaceous, black (Nl), fissile, highly weathered and 
soft in center of unit. 

1 Claystone, slightly sandy. pinkish-gray (5YR811) with 
black (Nl)  coaly inclusions and local dark-yellowish- 
orange (10YR616) mottling, firm. 



CANYON CREEK SEAM 
SITE CnC7 

LITHOLOGIC DESCRIPTION 

SAMPLE 

[ O f t  

Boulders (diamicton) up to  several feet in diameter. 

I 
CnC7-2* 

CnC7-12 Parting. claystone (possibly volcanic ash), pale-yellowish- 
orange (10YR8/6) to  dark-yellowish-orange (10YR6/6). 

CnC7-S* firm. 

Coal. black. dull, very hard, platy. with distinctive s u r  
ficial-weathering pattern similar to drusy quartz in ap- - CnC7-7* pearance. 

SEATROCK (underclay): claystone, slightly sandy, light- 
CnC7-11 olive-gray (6Y6/1) with dark-yellowish-brown (10YR4/2) 

organic inclusions, carbonaceous plant fragments, mica- 
ceous, firm. 



CANYON CREEK SEAM 
SITE CnC8 

SAMPLE 

LITHOLOGIC DESCRIPTION 

i Covered interval directly above roof but includes boulders 
(diamicton) to several feet in diameter toward top of 
section. 

" Roof; claystone, slightly sandy. olive-gray (5Y4/1), 
carbonaceous, soft 

3Coal, black, dull, blocky, hard. quality of coal deteri- 
orates significantly in basal 2-3 ft. 

SEATROCK 
4Shale, carbonaceous, brownish-black (5YR2/1), soft, 

smutty. 
5 Claystone, sandy. light-olive-gray (5Y6/1), slightly carbo- 

naceous, especially toward top, micaceous, soft to fi. 



CAPPS COAL SEAM 
SITE CG3 

SAMPLE 

LITHOLOGIC DESCRIPTION 

Surficial cover; predominantly a brown sandy loam. 

Claystone, olive-black (5Y2/1) to brownishqray 
(5YR4/1), carbonaceous, breaks with blocky conchoidal 
fracture, firm, locally has pale-yellowish-orange 
(10YR816) to light-brown (5YR5/6) goethite staining 
along weathered surfaces and fracture planes. 

Shale, carbonaceous, brownish-black (5Y R2/1) to  olive- 
black (5Y2/1) to  grayish-black (N2), firm to soft, locally 
fissile with thin interbedded lenses (less 1 in.) of sand- 
stone. medium-gray (N5). coarse-grained, and coal (ap- 
proximately 1 in. thick), black, bony, platy, soft and 
weathered. 

Claystone, slightly sandy to sandy. medium-gray (N5). 
massive, firm, blocky conchoidal fracture and abundant 
iron-oxide staining along fracture planes and weathering 
surfaces. 

Sandstone, light-olive-gray (5Y6/1) to  medium-olive-gray 
(5Y 511). coarse-grained, very hard, calcareous, with 
abundant plant-leaf fossils, pale-yellowish-orange 
(10YR8/6) iron-oxide staining along central (2 in. thick) 
band. 

Claystone, olive-black (5Y2/1), massive, firm, with 
abundant black, carbonaceous, fossil-leaf films, locally 
with moderate-red (5R4/6) to dusky-red (63314) hema- 
titic oxidation staining. 

1 Shale, black (Nl)  to brownish-black (5YR2/1), slightly 
carbonaceous. fissile, soft to firm, locally highly weath- 
ered. 

2 Claystone, moderate-brown (5YR3/4) with black (Nl) 
coaly inclusions, soft to firm, breaks with conchoidal 
fracture, rounded limonite on hematite nodules to  2 in. 
diameter, thin streaks and contorted laminae of black 
carbonaceous shale. 

3 Shale. carbonaceous, black (Nl)  with light-brown 
(5YR5/6)-weathering stains, fissile, soft. 

4 Claystone, olive-gray (5Y4/1) to  olive-black (5Y2/1). firm 
to soft, with blocky fracture pattern. 

Capps Seam: coal, black, dull, firm to hard, locally with 
thin (less 3 in.) vitrain bands, surfaces and fractures 
covered with abundant iron-oxide and sulfate stains, local 
siderite. 



CAPPS SEAM 
SITE CG4 

LITHOLOGIC DESCRIPTION 

- SAMPLE 

I I I m I r o f t  Surficial cover; unconsolidated light-brown sand and 
sandy loam. 

I l l  2Coal (top 2 ft), black, soft, highly weathered, and shale. 
carbonaceous, black (Nl),  fissile, firm. 

CG4-8* 

CG4-9* 
3~arting.  claystone, dark-gray. carbonaceous, soft. 

CG4-14' 
4 Capps Seam; coal, black, predominantly dull and blocky 

CG4-16* but locally bony and platy with increasing vitrain bands 
toward basal portion. 

5 Parting: claystone (possibly volcanic ash), lightbrownish- 
gray (5YR6/1), firm. 

SEATROCK (underclay) 
6 Claystone. medium-olive-arav (5Y 511) with ernviah-hlack 



CHUITNA RIVER SEAM 
SITE CR3 

SAMPLE loft cR3-3 
(weathered &Y) 

LITHOLOGIC DESCRIPTION 

f ~ a k e d  shale and varicolored clays weathering from it. 

Chuitna Bed (partial exposure, basal portion); coal, black. 
dull, blocky. highly weathered. 

3 SEATROCK (underclay) 
Claystone, sandy, medium-light-may (N6). black carbo- 
naceous leaf impressions, soft. 

Section discontinued at water level. 

CHUITNA RIVER SEAM 
SITE CR6 

SAMPLE LITHOLOGIC DESCRIPTION 

l ~ o a l ,  black, dull, blocky, highly weathered with abundant 
orange-limonite staining. 

PARTING 
1 Claystone. lightolive-gray (6Y6/1), locally carbonaceous, 

iron-oxide staining, firm. 

CRLI-3 Coal, black. dull, blocky, hard. 
CRI-SP* 

Section discontinued at  creek level. 



CHUITNA RIVER SEAM 
SITE CR9 

I . . .  . . . . .  . I  

SAMPLE r ft 

L60 
*Petrographic sample 

LITHOLOGIC DESCRIPTION 

I. Roof of coal inaccessible. 

Chuitna Bed; coal, black, hard, platy, dull, locally bony. 

3 Parting (possibly volcanic ash); claystone, silty. olive 
black (6Y2/1), weathers to  grayish-red (10R4/2), firm. 
breaks with conchoidal fracture. 

ab Coal below parting predominantly dull and blocky, ash 
content appears significantly less than in upper portion; 
local minor pyrite and weathered-sulfate coatings. 

4 SEATROCK 
Sandstone, light-olive-gray (6Y6/1) t o  pinkish-gray 
(6YR8/1), medium-grained, relatively clean, pre- 
dominantly quartz with disseminated black organic 
matter, subrounded to  angular grains, friable, weathered. 
soft. Minor (near 0.5 ft) partings of quartz-pebble con- 
glomerate and conglomeratic sandstone toward top of 
section beneath coal bed. 



CHUITNA RIVER SEAM 
SITE CRlO 

LITHOLOGIC DESCRIPTION 

I . .  . . . . . .  . )  

Surficial cover: brown sandy loam, sand, and gravel. 

' Burn (clinker, "red dog," scoria, porcellanite). 

-20 CRlO-1 CRlO-6* Coal. predominantly dull and blocky with thin (less 2 in.) 
vitrain bands and bony layers (to 0.5 ft), hard. 

CR10-4* 
CR10-3* } CRlO-2 

+shale, carbonaceous, olive-gray (5Y411) with light-brown 
(5YRB/6)-oxidation staining. firm. 

Claystone, dark-gray (N3), carbonaceous, soft. locally 
weathered with light-brown (SYR5/6)-limonite staining. 

Sandstone, medium-gray (N5). medium- to  coarse-grained, 
locally conglomeratic with interbedded quartz-pebble- 
conglomerate bands, especially toward the basal portion 
of outcrop and light-brown (5YR5/6)-iron-oxide staining. 



FAIRVIEW MOUNTAIN SEAMS 
SITE FM1 

Sheet 1 of 7 
LITHOLOGIC DESCRIPTION 

Surficial cover; loam, sand, brown, disseminated black- 
organic matter, soft, rooted. 

Sand, yellowish-may, medium-grained, slightly clayey, 
soft, yellow- to orange-iron-oxide mottling, rare ex- 
tremely fine disseminated muscovite. 

3Claystone, lightgray, soft, with abundant yellow-iron- 
oxide staining. 

4 Claystone, sandy, medium-gray, fine disseminated musco- 
vite and black organic matter, firm; thin (1 in.) stringer of 
coal, black. dull, very hard,forming base. 

Sand, y ellowish-gray , coarse-grained, locally contains d i s  
seminated organic matter and abundant threadlike string- 
ers of black carbonaceous material, weathered, loose. 

Conglomerate, petromictic, light to medium-gray; sand 
matrix, coarse-grained. angular fragments, poorly ce- 
mented to loose, predominantly quartz and chert; "Brav- 
el" mostly in size range less 0.6 ft  and includes various 
igneous lithologies, coal gravels, and cobbles; interspersed 
within unit are thin (less 2 in.) stringers and pockets of 
clay, light- to medium-gray. soft, plastic. Thin coal 
stringer (less 1 in.) at base of conglomerate. 



FAIRVIEW MOUNTAIN SEAMS 
SITE FMl 

Sheet 2 of 7 

SAMPLE LITHOLOGIC DESCRIPTION 

1 Claystone, dark-gray, slightly sandy, carbonaceous, firm. 

2 Shale, carbonaceous, black. fissile, soft to firm, weath- 
ered. 

3 Claystone, medium-brownish-gray, slightly carbonaceous 
and sandy, firm. 

4 Claystone, medium-gray, very sandy. firm. 

5 Sand, medium-gray, medium- to coarsegrained with 
abundant limonitic and hematitic staining and black 
coaly stringers and bands. 

6 Conglomerate, petromictic (as above) but with abundant 
coal cobbles and gravel inclusions; few graphite nodules 
to  0.5 ft diameter near base directly above coal; also 
contains few clean orthoquartzitesandstone cobbles. 

7 Shale. carbonaceous, black (Nl), fissile, firm, weathered 

FM1-1 FM1-2a* 
with abundant iron-oxide staining. 

FM1-2bL F Seam 
FMl-2 

FM1-2c* 8 Coal, black, dull. platy, ashy, weathered, poorquality. 

FM1-3 

g partings, claystone, olive-black (5Y2/1), carbonaceous, 
slightly sandy, firm, thin (less 2 in.) coal bed in basal 

*Petrographic umple portion. 



FAIRVIEW MOUNTAIN SEAMS 
SITE F M 1  

Sheet 3 of 7 

LITHOLOGIC DESCRIPTION 
SAMPLE 

55 
F Seam 

ICoal, black, dull. platy, bony, poor quality with thin lam- 
inae of claystone, sandy, medium-gray. soft and shale, 

F M 1 - 4  carbonaceous, black, fissile, soft, intercalated for top 2 ft; 

FM1-QP* lower 0.5 ft dull. blocky. hard coal. 

SEATROCK (underclay) 
2~laystone,  sandy, medium-light (N6)-gray, firm, limonite 

surface stains, breaks with conchoidal fracture ;becomes 
more sandy toward basal portion with few interspersed 
sand lenses (less 1 in.), light- to  medium-gray. medium- 
grained, micaceous, locally limonite-stained. 

3 Sand, yellowish-gray, fine- t o  medium-grained, soft, loose 
with disseminated fine black organic matter and musco-- 
vite; also smutty coal stringers (around 0.5 in.) locally. 

+~onglomerate. petromictic pebble-cobble, with coarse- 
grained, poorly lithified sand matrix; pebbles and cobbles 
predominantly 2 in. t o  less than 0.5 ft of various igneous 
lithologies (including granite), abundant coal, quartz, 
chert, and clean orthoquartzite sandstone; pebbly sand- 
stone lenses to 1 ft thick locally throughout this section. 



FAIRVIEW MOUNTAIN SEAMS 
SITE FM1 

I . .  . : : . . . . .  .I . . . . .  

Sheet 4 of 7 

LITHOLOGIC DESCRIPTION 

'shale, carbonaceous, black (Nl) with light-brown 
(5YR5/6) weathering stains, fissile, firm. 

E Seam 
Z ~ o a l ,  top 2 it, black, dull, platy, weathered, firm; basal 

portion dull, blocky , bony, hard. 

SEATROCK (underclay) 
3 Claystone, olive-gray (6Y4/1) with black (Nl) coaly in- 

clusionsand local lightbrown (6YR5/6) mottling. firm. 
breaks with conchoidal fracture. 

Sandstone, medium-gray, fine-grained, friable, slightly 
clayey. with fine disseminated muscovite and black 
organic fragments. 

S ~ a n d ,  medium-gray, medium-grained, loose, soft with dis 
seminated, extremely fine muscovite and black organic 
matter, locally limonite-stained. 



FAIRVIEW MOUNTAIN SEAMS 
SITE FM1 

Sheet 5 of 7 
SAMPLE LITHOLOGIC DESCRIPTION 

1 Claystone, sandy to very sandy, medium-gray, firm with 
abundant limonite staining. 

2 ~ a n d ,  light- to medium-gray. fine- to medium-grained. 
slightly clayey, soft, with disseminated fine muscovite 
flakes and black organic matter. 

3~laystone, sandy. medium-grayish-brown, firm, local 
iron-oxide staining. 

'claystone, very sandy, light-my, firm. 

'sandstone, clayey. light-gray , medium-grained, friable 
soft, with fine disseminated black organic matter and 
coaly streaks. 

Claystone. sandy, light-gray, firm, with weathered iron- 
stone nodules to  2 in. diameter. 

FM1-9 shale, carbonaceous. dark-gray (N3) to  black (Nl), clay- 
ey. fissile, soft. 

FM1-lo.* 

FM1-10 FM1-lob* D Seam 
8 coal, black, dull, hard, platy. bony. 

SEATROCK (underclay) 
9 Claystone, sandy. olive-gray (6Y4/1) with grayish-black 

(N2)-threadlike stringers, f i ,  breaks with conchoidal 
fracture. locally limonite-stained. 

L 1 4 0  
*Petrographic sample 



FAIRVIEW MOUNTAIN SEAMS 
SITE FM1 

Sheet 6 of 7 

LITHOLOGIC DESCRIPTION 
SAMPLE 

140 

ROOF 
1 FM1-12 1 Shale. carbonaceous, brownish-black (6YR211). fissile, 

weathered, soft. 

C Seam 
Coal, black, dull, hard, blocky at  top to bony and platy at  
basal portion 

SEATROCK (underclay) 
3~laystone,  very sandy, light-olive-gray (bY6/1), firm. 

4~laystone, sandy, medium-gray, f h ,  with very fi ie d b  
seminated muscovite. 

'Sand, medium-gray, very coarse-grained, angular to sub- 
angular grains, disseminated black fine coal fragments, fri- 
able, loose. weathered. 

' Conglomerate, petromictic, pebble-cobble (including 
caal); sand matrix, very coarse-grained, poorly lithified 
with fine disseminated coal kagments; local coarse- 
grained pebbly sand layers up to 1 f t  thick. 



FAIRVIEW MOUNTAlN SEAMS 
SITE FM1 

Sheet 7 of 7 
LITHOLOGIC DESCRIPTION 

Claystone, medium-gray but grades to dark-gray and car 
bonaceous in basal portion, soft to fiim; pockets and 
stringers of coal near bottom. 

Section discontinued but remaining section includes 
two poorly exposed and highly weathered coal seams 
(A and B); see FM2. 



FAIRVIEW MOUNTAIN SEAMS 
SITE FM2 

LITHOLOGIC DESCRIPTION 

Surficial cover predominantly a sandy loam grading to 
sand at base. 

B Seam 
Coal. top 0.6 ft black, very soft. smutty; bottom 3 f t  
very hard and bony, breaks blocky and locally with 
conchoidal fracture. 

Shale, carbonaceous, brown. black (6Y2/1), clayey, 
soft. 

Claystone, olivegray (6Y4/1) with moderate-brown 
(6YR4/4) plant-fragment inclusions, slightly silty, soft 
t o  firm. 

Claystone, sandy, lightgray, soft, with very fine dia 
seminated muscovite. 

Claystone, medium-gray (N6) with black (Nl) inclusions 
and dark-yellowish-orange (10YR6/6) mottling, slightly 
sandy and carbonaceous, firm. 

A Seam 
Coal, black to brownish-black, lignitic toward base, poor 
quality; thin (less 1 in.) Partings of claystone, brown. 
firm, and shale. carbonaceous, black, fissile, firm, toward 
top. 

Claystone, sandy. olive-gray (6Y4/1) with grayish-brown 
(6YR3/2) and blackish-red (6R2/2) plant-fragment 
inclusions, disseminated extremely fine muscovite, firm. 

9 Coal stringer, black, hard, woody. 

10  Claystone, very sandy, medium-gray (N6). extremely fine 
disseminated muscovite. firm. 

11 Conglomerate, petromictic, pebble-cobble; pebbles, grav- 
els, and cobbles predominantly less than 3 in. in dia- 
meter consisting of quartz, chert, orthoquartzite sand- 
stone, coal, and granite in a poorly lithified, coarse- 
grained, sand matrix; also includes pebbly, coarse-grained- 
sand intervals t o  several feet thick, yellowish-gray, angular 
to subangular with disseminated black organic matter. 

Section described down to level of Cottonwood Creek. 



JOHNSON CREEK SEAM 
SITE JC2 

LITHOLOGIC DESCRIPTION 

SAMPLE Section includes 60-ft ledge of sandstone, conglomerate, 
two other thin coal beds, gravel, and surficial cover. 

t JC2-1 1 Shale, carbonaceous, black, hard, fisslle, local iron-oxide 
staining. 

C JC2-2 
2 ~ ~ a l .  black, very hard, bright, gamy fracture, sernian- 

2 JC2-2p* thracitic, conchoidal fracture. 

JC 2-3 
' j ~ h a l e ,  carbonaceous, olive-black (6Y2/1) to  black (Nl). 

fisde, firm. 

JC2-4 +claystone, olive-black (6Y2/1) with black (Nl) coaly 
stringers. firm. Approximately 8 ft of claystone is followed 
downsection t o  creek level by sandstone, medium-gray, 
medium-grained, hard. 



JOHNSON CREEK SEAMS 
SITE JC3 

SAMPLE 

ft 

LITHOLOGIC DESCRIPTION 

1 Overburden section of approximately 30 ft of pebbly 
8andstone. conglomerate, and unconsolidated surficial 
cover. locally highly washed and eroded with covered 
intervals. 

2a Coal, black, dull, hard, bony. locally platy and weathered 
with iron-oxide staining. 

3 Parting: claystone, light-brownish gray (5YR611) with 
dark-gray (N3) carbonaceous inclusions and coal stringers, 
firm. 

*coal as above. 

4 Claystone, sandy, light-olive-gray (6Y611) with olive- 
black (6Y2/1) carbonaceous inclusions and dark-yel- 
lowish-orange (10YR616) mottling; becomes less sandy 
and more silty toward base. 

5 Claystone, dark-yellowish-brown (10YR412) with dark- 
gray (N3) carbonaceous stringers and dark-yellowish- 
orange (10YR616) mottling. firm. 

Coal, black, hard, dull, bony. platy. 

Claystone, sandy. light-olive-gray (5Y611) with black 
(Nl)  coaly inclusions and local dark-yellowish-orange 
(10YR616) mottling. firm. 



PETERSVILLE AREA SEAMS 
SITE PA1 
Sheet 1 of 3 LITHOLOGIC DESCRIPTION 

1 Sandstone and sand, light-olive-gray (5Y611) with black 
(Nl)  coaly inclusions and local pale-yellowish-orange 
(10YR8/6) mottling, coarse-grained, angular to sub- 
rounded, predominantly quartz but arkosic, weathered, 
friable, soft. 

2 Claystone, sandy, moderate-yellowish-brown (10YR5/4) 
dark-yellowish-orange (10YR616) and pale-yellowish- 
orange (10YR8/6) streaked, soft to firm, with distinctive 
gravels of brown amber and coalified wood laths. 

SAMPLE 
-0 ft 

3 Clay, lightolive-gray (5Y 611). very soft, plastic, pliable. 

4 Claystone, medium-gray (N5) with grayish-black (N2) 
coaly inclusions, firm, breaks in conchoidal blocks. 

5 Coal, black. hard. dull, bony. 

6 Shale, carbonaceous, medium-gray (N5) to  grayish-black 
(N2). firm with transitions to claystone, medium- to dark- 
gray, locally carbonaceous, silty to sandy. soft to firm. 

-20 7 Clay stone, light-olive-gray (5Y 611) with dark-gray (N3) 
to  black (Nl)  coaly inclusions and light-brown (5YR5/6) 
to moderate-brown (5YR314)-oxidation staining, slightly 
sandy, soft, with few inches of shale, grayish-pwle 
(5P4/2), bounding top and basal portions. 

8 Sand, clayey. light-olive-gray (5Y6/1), medium-grained. 
soft, loose. 

} PA14 9 Claystone. sandy, light-olive-gray (6Y 6/1), soft. 

-30 PA1-2 
PA1-3 1 0  Sandstone, lightrolive-gray (5Y6/1) with medium-dark- 

PA14 gray (N4) carbonaceous plant fragments and films, firm. 
PA1-6 PA1-bP* clayey, with interbedded claystone, sandy. medium-gray 
PA1-6 (N5). local iron-oxide staining. 
PA1-7 11 Sandstone, light-olive-gray (6Y6/1) predominant (but 
PA1-8 "salt and pepper7'). coarse-grained. subangular t o  sub- 

rounded grains. locally iron-stained (limonitic) bands, 
PAl-9 friable, soft; thin (4 in.) layer of claystone, light-gray 

-40 (N7), silty. soft in center. 
PA1-10 1 2  Claystone, sandy. medium-olive-gray (5Y 611) and dark- 

yellowish-brown (10YR4/2) streaked. and black (Nl) 

PA1-11 threadlike coal stringers and fragments, soft; grades 
to  claystone, medium-gray (N5) to moderate-yellowish- 

PA1-12 brown (10YR514) at base with stringers of codified 
wood. 

1 3  Claystone, pale-yellowish-orange (10YR8/6) to yellowish- 
-50 PAX-13 gray (5Y7/2) with lightbrown (5YR5/6)-weathering 

streaks. firm. 

14  Sandstone, yellowish-gray (5Y7/2) with local dark-yel- 
lowish-orange (10YR616) mottling, medium-grained, 

PA1-14 friable, firm. 

1 5  Claystone, very sandy, light-olivegray (5Y 611) with fine 
PA1-15 grayish-black (N2) and light-brown (5YR5/6) inclusions, 
PA1-16 soft. 

-60 
1 6  Claystone, olive-black (5Y2/1) with grayish-black (N2) 

PAX-17 coaly inclusions, firm. 

Claystone, sandy. grayish-yellow (5Y8/4) to yellowish- 
gray (5Y7/2), soft; sandstone, light (N7)- to medium- 
gray (N5). medium-grained, friable, soft, with abundant 
limonite staining, and weathered loose sand, medium- 
to coarse-grained with iron-oxide staining. 

Claystone, sandy. lightolive-gray (5Y6/1), firm, with 
a thin (approximately 0.5 in.) coal stringer along top. 

Sandstone, yellowish-gray (5Y7/2), medium- to coarse- 
grained, friable, soft to firm. 

Claystone. olive-gray (5Y4/1). slightly sandy, soft to firm. 

Sandstone, yellowish-gray (5Y811) with grayish-black 
(N2) inclusions ("salt and pepper"), medium-grained, 
soft, and claystone, sandy, firm. 

*Petrographic sample Claystone, lightolive-gray (5Y6/1), firm, locally silty 
to slightly sandy with common hematitic surface staining. 

Claystone and shale, interbanded, carbonaceous, dark- 
gray (N3) to olive-black (5Y2/1), firm. 



PETERSVILLE AREA SEAMS 
SITE PAl 

Sheet 2 of 3 

LITHOLOGIC DESCRIPTION 

-80 SAMPLE 

PA1-24 

*sandstone and weathered loose sand, yellowish-gray 
(5Y7/2) with pale-yellowish-orange (10YR8/6) mot- 
tling, medium-grained, with disseminated black organic 
matter; grades to coarse-grained, loose, dark-yellowish- 
orange (10YR6/6),sand at base. 

'Claystone, olive-gray (5Y4/1), slightly sandy. firm with 
abundant limonite and hematite staining. 

Sandstone, light-olive-gray (5Y 611) with dark-yellowish- 
orange (10YR6/6)-weathering stains, medium-grained. 
locally slightly clayey. friable. 

4Claystone. light-olive-gray (5Y611) to medium-olive- 
gray (5Y5/1), slightly silty, firm. 

5 Shale. carbonaceous. medium-gray (N5) to grayish-black - 
, (N2). fissile. firm. 

Sandstone. clayey. light-olive-gray (5Y6/1) with light- 
brown ( 5 ~ ~ 5 1 6 )  mottling, abundant disseminated black 
organic matter and muscovite. 

sand, yellowish-gray (5Y 712). medium-grained, soft. 
loose with abundant limonite staining. 

R~laystone. light-pray (N7). slightly sandy. soft. 

9 Coal, black, firm, dull, platy. 

10 Claystone, light-gray (N7). slightly silty. soft. 

I I  coal, black, dull, hard, bony. 

12Claystone, sandy. lightgray (N7) with black (Nl) C O ~ Y  

inclusions and local pale-yellowish-orange (10YR816) 
mottling, and soft, at top; grades to sand, medium-gray 
(N5): fine-grained, clayey, loose, soft toward basal 
port~on. 

13 Sand, grayish-orange (10YR7/4) and light-olive-gray 
(5Y6/1), medium-grained, soft with abundant limonite 
staining and disseminated black organic matter. 

IS clay stone, medium-olive-gray (5Y 511). slightly sandy 
to  sandy, firm-soft. 



PETERSVILLE AREA SEAMS 
SITE PAl 

Sheet 3 of 3 

LITHOLOGIC DESCRIPTION 

S 6 0  

L170 Claystone, sandy. light-gray (N7). firm. 

Section discontinued at Short Creek level. 

PETERSVILLE AREA SEAM 
SITE PA2 

LITHOLOGIC DESCRIPTION - SAMPLE 

----- 
'claystone, medium-gray (N5). firm. 

?~raywacke,  predominantly olive-gray (5Y4/1) with 
lightolive-gray (5Y6/1) inclusions, carbonaceous, feld- 
spathic; stands in relief within softer claystone unit. 

3 ~ l a ~ s t o n e ,  medium-gray (N6). slightly carbonaceous and 
silty, firm. 

*shale. carbonaceous, black (Nl), fissile, firm. 

S ~ o a l ,  black, dull, hard, blocky in center section, woody 
toward top and basal portions. 

a Claystone (possibly volcanic ash), medium-light-gray 
(N6) with grayish-black (N2) coaly inclusions and dark- 
yellowish-orange (10YR6/6) mottling, firm. 

SEATROCK (underclay) 
7 Claystone, sandy, medium-gray (NS), firm, locally limo- 

nite-stained. 



PETERSVILLE AREA SEAM 
SITE PA3 

LITHOLOGIC DESCRIPTION 

SAMPLE 
-0 ft 

ROOF 
isandstone, pebbly (quartz/chert), moderate-brownish- 

gray (5YR5/1), coarse-grained, granular, friable. 

Coal, brownish-black, dull, woody, firm. 

3 Parting, shale, carbonaceous, olive-black (5Y2/1) with 
grayish-black (N2) coaly inclusions and moderate-brown 
(5YR4/4)-weathering stains, fissile. firm, and claystone. 
dark-gray (N3). carbonaceous, soft, and smut, black (Nl). 

Coal, as above. 

SEATROCK 
+sandstone, pebbly, as in roof. 

TALACHULITNA RIVER SEAM 
SITE TR1 

LITHOLOGIC DESCRIPTION 

SAMPLE 

ROOF 
i Claystone, medium-olive-gray (5Y 511). abundant limo- 

nite and hematite staining. weathers to  yellow and orange 

I shingles and conchoidal blocks. soft. 

; L ~ o a l ,  brownish-black, dull, woody. ashy, locally slightly 
contorted. 

3 SEATROCK (underclay) 
Claystone, lightolive-gray (5Y6/1) with local lightbrown 
(5YR516) mottling and staining. 

Section discontinued at water level. Metamorphosed 
JK greenstone faulted and juxtaposed against coal ap- 
proximately 100 f t  upstream. 



SATURDAY CREEK SEAM 
SITE SC2 

LITHOLOGIC DESCRIPTION 

SAMPLE 

Surficial cover, brown sandy loam. 

Sandstone, medium-gray, medium-grained, with yellow- 
iron-oxide staining locally; interbands of quartz-pebble 
conglomerate (pebbles to 2 in. diameter) up to 0.5 ft 
thick. 

Conglomerate, monomictic, quartz-pebble, hard, well- 
cemented. 

Sandstone, medium-yellowish-gray . medium-grained. 
hard, with surficial iron-oxide-weathering stains. 

Claystone, dark-gray, carbonaceous, firm. 

Claystone, sandy, light-gray. firm. 

Claystone, medium-light-gray (N6) with black (Nl)  coaly 
inclusions and lightbrown (5YR6/6)-weathering stains, 
firm, breaks conchoidal fracture. 

Coal, black, blocky , hard ;middle has black, carbonaceous 
shale, partings. 

SEATROCK (underclay) 
Claystone, light-gray, slightly sandy, firm. 

Sandstone, medium-yellowish-gray, medium-grained, very 
hard, surficial iron-oxide-weathering stains. 

*Petrographic sample 



SATURDAY CREEK SEAM 
SITE SC3 

SAMPLE 
LITHOLOGIC DESCRIPTION 

1 Roof not exposed;covered interval. 

Zcoal, black. dull, platy, bony, highly weathered on 
surface. 

SEATROCK 
SClaystone. brownish-gray (6YR4/1), locally carbo- 

naceous, firm to  soft, with light-brown (6YR6/6) iron- 
oxide staining : interbedded with shale, carbonaceous. 
black (Nl). fissile, firm. 

4~layatone,  light-gray (N7) to  light-olivegray (6Y6/1), 
locally slightly carbonaceous, firm to soft. breaks with 
conchoidal fracture. 

?jSandatone and sand, yellowish-gray (6Y7/2) to  light 
olivegray (6Y6/1), medium- to coarse-grained, angular 
to subrounded grains. disseminated fine black organic 
matter and muscovite, but predominantly quartz sand, 
friable to  loose. 



SATURDAY CREEK SEAMS 
SITE SC4 

LITHOLOGIC DESCRIPTlON 
SAMPLE 

i ~ o v e r e d  interval for 30 ft t o  top of ridge. 

Z~laystone, sandy, olive-gray (6Y4/1) with dark-yel- 
lowish-orange (10YR616)- to light-brown (5YR6/6)- 
weathering mottles. 

- . - . - . - . . - . - - . - 
. - .  --.-.I2 - . - .  - . - .  . - . - .  -.-. I-. - 

SCoal, black, hard, bright, blocky. 

 layst stone, grayish-black (N2). carbonaceous, firm. 
rooted, and shale, carbonaceous, dark-gray (N3) to  black 
(Nl), fissile and firm. intercalated. 

S ~ o a l ,  black, bright, hard, platy; becomes bony toward 
basal portion. 

6 Claystone, sandy, light-olive-gray (6Y 611) with black 
(Nl) coaly inclusions and local dark-yellowish-orange 
(10YR6/6) weather banding, firm. 

'Shale, carbonaeous, grayish-black (N2), fissile, weathered 
and soft. 

%coal, black, very hard, breaks conchoidal fracture, p o s  
sibly cannel coal. 

9 Shale, carbonaceous, medium-dark-gray (N4) to  black 
(Nl), fissile, firm. 

I0 Claystone, light-olive-gray (6Y6/1), with disseminated 
black organic matter, rooted, hematite-stained, soft. 

' 1  Claystone. light-olive-gray (6Y 611) with medium-dark 
gray (N4) coaly inclusions and local dark-yellowish- 
orange (10YR6/6) mottling, slightly sandy, breaks with 
conchoidal fracture. 

I l claystone. medium-olive-gray (6Y 611) with black (Nl) 
cody inclusions and local dark-yellowish-orange 
(10YR616) mottling, firm. 

'%!oal, black, dull, hard, platy, bony. 

:$Claystone, olive-gray (6Y4/1) with dark-gray (N3) coaly 
inclusions, slightly sandy, finn, locally limonite-stained. 

Covered interval for 30 ft down to creek level. 

*Petrographic sample 



SKWENTNA RIVER SEAM 
SITE SR1 

c=, '. 
A .  
a , .  

2 .: 
& :.: 

LITHOLOGIC DESCRIPTION 

Surficial cover; light-brown sandy loam. 

Sand, light-yellow to brownish-yellow, medium-grained. 
loose, soft, weathered with iron-oxide staining. 

Claystone, medium-olive gray (6Y6/1), slightly carbona- 
ceous, firm. breaks with conchoidal h-acture. 

1 Coal. black. dull. thinly plated. bony. 
2 Shale, carbonaceous, dark-gray (N3) to grayish-black 

(N2). fissile. h M l v  weathered. soft. 
3 Claystone, sandy, light-olive-gray (SY6/1) with olive 

gray (6Y4/1) streaks, carbonaceous, firm. 
4 Sand. yellow to orange, medium-grained, highly weath- 

ered with iron-oxide staining, disseminated black organic 
matter. micaceous, loose. 

Claystone, sandy. dark-gray, carbonaceous, soft-firm. 

*Petromphic sample 



WOLVERINE CREEK SEAM 
SITE WC1 

LITHOLOGIC DESCRIPTION 

SAMPLE 

Sandstone, lightolive-gray (5Y6/1) speckled ("salt 
and pepper") with white (N9) and medium-lightmay 
(N6), coarse-grained, angular t o  subangular grains. friable, 
soft-firm. 

2 Claystone, sandy, medium-light-gray (N6) streaked 
medium-dark-gray (N4). soft, breaks in blocks, abundant 
limonite stains along surfaces and joints. 

3 Clay stone, gray ish-black (N 2) with olive-gray (6Y 411) 
streaks, carbonaceous, soft, and shale, carbonaceous. 
black (Nl), fissile, soft. 

WC1-3p* 
WC1-3 4coal .  black, predominantly bright, hard, blockY; basal 

3 ft highly weathered and limonite-stained. 
WC1-4 WC1-4p* 

5 SEATROCK (underclay) 
Cla ystone, medium-gray (N5) with abundant dark-yel- 

WCl-5 lowish-orange (10Y R6/6) staining. soft. 
60 



WOLVERINE CREEK SEAM 
SITE WC2 

LITHOLOGIC DESCRIPTION 

1 Sandstone, light-gray (N7) with dark-yellowish-orange 
. . . . . . . .  (10YR6//) mottles, coarse-grained, locally clayey and 

slightly carbonaceous. "salt and pepper." 

2 Claystone, olive-gray (5Y4/1), soft to firm, breaks in 
blocky masses, abundant iron-rich (limonite rim, hema- 
tite core) septarian nodules. 

3 Claystone, brownish-gray (5YR411) with grayish-black 
(N2) streaks and inclusions, soft. 

4 Cod stringer. black, hard, platy to  slightly blocky. 

5 Shale, carbonaceous, olive-black (5Y2/1) with dark- 
yellowish-orange (10YR616) mottles, fissile. firm, inter 
layered with claystone, brownish-gray (5YR4/1), locally 
silty, abundant limonite stains along surfaces and bedding 
planes; central (0.5 ft) layer of sandstone, grayish-brown 
(5YR3/2), mediumgrained, hard, iron-stained. 

6 Claystone, olive-gray (5Y411) with light-brown (5YR5/6) 
mottles. locally slightly carbonaceous and iron-stained. 
soft t o  firm. 

7 Shale, carbonaceous, dark-gray (N3) with lightbrown 
(5YR516)-weathering stains. fissile, soft to firm, inter- 
banded with claystone, dark-gray (N3). carbonaceous, 
soft. 

12 8 Claystone, dark-yellowish-brown (10YR4/2), slightly 
0 .- silty and carbonaceous, soft. 
Y 
Ld 

I 
Cr 

WC2-10 WC2-10a* c o d ,  black, dull, firm to hard, blockY, weathered locally 
% with abundant iron-oxide staining. 
r: 

WC2-lob* 

'OClaystone. very sandy, light-olive-gray (5Y6/1), soft, 
locally with abundant iron-oxide staining; interbanded 
with sand lenses, light-gray (N7). medium-grained, mica- 
ceous. friable, soft. 

Sandstone, light-olive-gray (5Y 611) streaked olive-gray. 
medium-grained, friable, soft, abundant limonite staining; 
thin (approximately 1 in. thick) interbands of claystone, 
medium gray (N5), silty, soft, toward top. 

I 2  Claystone. light-gray (N7), breaks with  block^, con- 
WC2-13 choidal fracture. abundant iron-oxide staining. 

I ~ C O ~ ,  black, dull, hard, blocky, locally weathered with 
WC2-14 abundant limonite staining. 
WC2-14p* 

 layst stone, light-olive-gray (6Y6/1), silty, soft. 

*petrographic sample 



APPENDIX D 
C a l c u l a t i o n s  f o r  S t a t i s t i c a l  Markov Chain A n a l y s i s  



APPENDIX D 

Calculations for statistical Markov-chain analysis (after Gingerich, 1969). Refer to  text for discussion of results. 

A. Frequency of occurrence of five rock types: 

Shale (SH) 5 
Coal (CO) 7 beds 
Claystone (CL) 1 2  = fi 
Sandstone (SS) 8 
Conglomerate (CG) 4 

Total = 36 

B. Independent-trials matrix: 

C. Transition count matrix: 

D. Transition probability matrix: 

E. Calculation of X 2 statistic 

x = (fij - fieijI2 1 fieij 
1J 

The number of positive elements in eij is 20. 
The rank of eij is 5. The rank of a matrix is the maximum number o f  independent row vectors or column vectors. 
The rank is determined by converting the matrix t o  rowechelon form and finding the number of non-zero rows or 
columns (Hawkins, personal commun., 1982). 

Echelon form of matrix: 

The degrees of freedom are 1 5 .  This is determined by subtracting the rank of  eij from the total number of positive 
entries: 

Solving for the equation yields an X 2 of 35.9 



Appendix D (coi?.) 

F. Difference matrix: 

The positive elements in the difference matrix represent those transitions that have a higher than random prob- 
ability of occurring. 



APPENDIX E 
Overburden-characterization D a t a  



Table E-1. Overburden procedures and references. 

Parameter Unit Procedure Reference 

USDA (1954),  p. 102; 
Sobek and others, 
1978,  p. 45-47. 

Paste pH PH Electrode 

Electrical conductivity mmhos/cm Conductivity bridge USDA (1954), p. 89. 

Saturation percentage % Dried t o  105OC, weight loss USDA (1954), p. 10.  

Water-soluble cations meq/l 
(Ca, Mg, Na) 

Vacuum extraction, atomic 
absorption 

USDA (1954),  p .  84. 

SARa (ratio) Calculation from water-soluble 
cations 

USDA (1954), p. 26, 
p. 72-75. 

Extraction ASA (1965),  part 2, 
p. 1033-1034. 

Boron Hot-water soluble, Carmine 
method 

ASA (1965), part 2, 
p. 1062-1063. 

Selenium Hot-water extraction, hydride, 
atomic absorption 

ASA (1965), part 2, 
p. 1122.  

Acid-base potential tons CaCO e uivalent/1,000 Total sulfur, % CaC03,  titration 
3 q. tons soil materlal and turbidimetric 

Sobek and others, 
1978,  p. 47-55. 

Lime CaCO e uivalent from acid 
3. neutralization 

USDA (1954), p. 105 .  

Sulfur % Leco method Leco (1975), p .  1- 
51;  Sobek and others, 
1978 ,  p. 51-55. 

a~otlium adsorption ratio. 
b~xchangeable sodium percentage. 



Table E-2. Physical and chemical data 

Sample 

BR1-2 
BR1-3 
BR1-5 
BR1-6 
BR1-7 
BR1-9 
BR1-10 
BR1-11 
BR1-13 
BR1.14 
BR1-16 

Saturation 
extract 
cations 
(meqll) 

Ca Mg Na - - -  

1.4 1 .0  0.6 
2.8 1 .8  0.6 
4.2 2.9 0.6 
2.1 1.2 0.7 
6.3 4.4 0.8 
1.4 0.7 0.6 
2.0 1.2 0.6 
1.7 1.0 0.6 
1.5 1.2 0.6 
1.4 0.9 0.6 
2.6 2.2 0.7 

analysis 
hydrometer (%) 

Sand Silt Clay -- - 

C L 
SiL 
L 
SiL 
S L  
SiL 
L 
L 
SiCL 
L 
SIC 

O M C  Lirne 
(%) - -  

2.67 9.5 
1.07 9.8 
6.54 10.0 
1 . 9 1  9.9 
5 .31  9.5 
1.97 9.7 
0.96 9.8 
2.82 9.7 
3.16 10.0 
1.20 9.8 
2.27 9.9 

Total 
boron 
( P P ~ )  - 

54.5 
100.0 

60.8 
1 .3  

39.5 
36.8 
16.7 

6.3 
59 .3  
25.5 
15.7 

a ~ l e c t r ~ c a l  conduct ivi ty.  
b ~ a t u r a t i o n  percentage. 
C ~ r g a n ~ c  matter .  
d ~ o d i u m  adsorpt ion rat io.  
e ~ x c h a n g e a b l e  sodium percentage. 
*C -Clay  

L - Loam 
S - S a n d  
S I  - Silt. 

E ~ e u t r a l ~ z a t i o n  potent ial .  
Potent ial  acidity (positive values indicate escess  CaC03-basic overburden malerlal). 

Table E-3. Physical and chemical data on 

Saturation 
extract Particle-size 

ECa cations analysis 
pH (mmhos/ s a t b  (meq/l) hydrometer (70) 

Sample (paste) cm)  (%) Ca Mg Na SARC E S P ~  Sand Silt Clay - - - - - - - 

FM1-1 4 .1  0.2 8 5 . 3  1.1 0.9 0.4 0.4 0.7 8 9  4 7 
FM1-3 4.8 0.1 49.5 0.6 0.4 0.4 0 .6  2 .1  15 53 32 
FM1-5 5.1 0.1 38.6 0.5 0 .3  0.5 0 .8  3.8 1 1  64 25 
FM1-6 4.2 0 .3  90.4 2.5 1 .2  0.4 0 . 3  0.7 96 0 4 
FM1-8 4.7 0.1 43.6 0 .6  0 .3  0.4 0.6 2.4 1 0  54 36 
FM1-9 4 .6  0.1 69.6 1.1 0.5 0 . 4  0.4 1 . 1  46 1 0  44 
FM1-11 5 . 1  0.1 45.8 0 .2  <0.1 0.5 2.2 5.1 1 8  60 22 
FM1-12 4.8 0 .3  83.2 2 .2  1.2 0 .4  0 . 3  1 . 0  8 6  2 1 2  
FM1-14 7 .2  0.4 43.0 3.1 1 .6  0.5 0 . 3  6.7 38 49 1 3  

a ~ l e c t r i c a l  conduct ivi ty.  
'saturation percen:age. 
' sodium adsorpt ion rat io.  
d ~ x c h a n g e a b l e  sodium percentage. 
e~ - Clay 

L - Loam 
S - S a n d  
S I  - Silt. 

f ~ r g a n i c  matter .  
g ~ a t i o n - e s c h a n g e  capacity. 
h ~ e u t r a l i z a t l o n  potent ial .  
i ~ o t e n t i a l  acldity (positive values indicate excess CaC03-baslc overburden malerlal). 

S-LS 
SiCL 
SiL 
S 
SiCL 
SC-C 
SiL 
LS 
L 

Total 
Lime boron 
(%) ( P P ~ )  
-- 

10.0 11 .2  
9.8 62.8 
9.9 7.4 
9.0 38.9 

10.0 16 .6  
9 .3  21.1 
9.9 43.7 
8 . 3  36 .1  

1 0 . 1  21.3 



on  overburden, Beluga River samples. 

Extractable nutrients 
( P P ~ )  - 
P K N O g - -  

2.4 29.82 147.7 
3.8 17.51 186.6 
4.7 10.35 198.8 

10.0 8.56 172.6 
3.8 23.85 280.4 
2.4 13.18 131.0 
5.3 1.2.74 140.7 
2.4 16.76 215.8 
9 . 1  16.32 195.0 
6.6 11.32 98.6 

13.8 19.60 251.7 

Ammonium acetate 
extractable cations 

(meq1100 g) 
Ca Mg Na I< - - - -  
11.3  6 .3  0.7 0.2 
9.5 4.2 0.6 0 .3  
9.3 3.2 0.7 0 .3  
5.6 1 .9  0.6 0 .3  

15.6 4.2 0.7 0.7 
9 .8  3.0 0.7 0 . 3  

11 .3  4.4 0.7 0 . 3  
11.8 5.6 0.7 0.5 

9.2 3.9 0.7 0.5 
6.4 2.0 0.7 0.2 

11.1 5.7 0.7 0.6 

overburden, Fairview Mountain samnples. 

CEC 
(meq1100 g) 

24.4 
15.5 

2.0 
10.8 
23.0 

8.8 
8 . 3  

21.9 
13.6 

5 .5  
18 .3  

Base 
saturation 

("/.) 

75.8 
94.2 

100.0 
77.8 
92.2 

100.0 
100.0 

84.9 
100.0 
100.0 

98.9 

Extractable nutrients 
Ammonium acetate 
extractable cations 

(meq1100 g) CECg 
Ca Mg Na K (meq1100 g) 
-- - - - -- 

9.8 4.7 0.6 <0.1 88.4 
10.1 5.4 0.6 <0.1 29.0 
7.9 4.4 0.6 0.2 15.6 

10.2 2.9 0.6 <0.1 81.5 
9.8 4.0 0.6 0.2 24.6 

18.7 5 .6  0.6 <0.1 52.3 
7.2 2.4 0.6 0.1 11.7 

13.4 6 .0  0.6 <0.1 57.2 
7 .2  2.5 0.6 <0.1 9.0 

Base 
saturation 

(90) 

Pyritic 
sulfur 

(90) 

0.01 
0.02 
0.09 
0.02 

<0.01 
0.02 
0.01 
0.0 1 
0.01 
0.01 
0.01 

Pyritic 
sulfur 
(%) 

Total 
sulfur 
(%) 

0.04 
0.04 
0.10 
0.04 
0.06 
0.02 
0.01 
0.02 
0.01 
0.01 
0.01 

Total 
sulfur 
(90) 
-- 

0.30 
0.06 
0.02 
0.48 
0.02 
0.14 
0.01 
0.32 
0.04 

Acid 
potential 

meq HC/lOO g) 

Acid 
potential 

(meq Hf/lOO g) 

Tons 
CaC0311 000 tons I 
NPg PA" 

Tons 
CaC03/1,000 tons 
N P ~  PA' 



Table E-4. Chemical data o n  overburden,  Canyon  Creek site 

Sample 

Electrical Total Acid Tons CaC03/1,000 tons 
pH conductivity Saturation Extractable nutrients (ppm) sulfur potential Neutralization Potential 

(paste) (mmhos/cm) (%) NO3 P K (76) (meq ~ + / 1 0 0  g )  potential aciditya - - -  

a ~ o s i t i v e  values indicate excess C a C 0 3  (basic overburden material) 

Table  E-5.  Chemical data o n  overburden,  Johnson  Creek samples. 

Electrical Extractable nutrients Total Acid Tons CaC03/1,000 tons 
pH conductivity Saturation ( P P ~ )  sulfur potential Neutralization Potential 

Sample (paste) (mmhos/cm) (%) NO3 P K (%) (rneq ~ + / 1 0 0  g )  potential aciditya -- 

a ~ o s i t i v e  values indicate excess CaC03  (basic overburden materid) 

Table  E-6.  Chemical data o n  overburden,  Wolverine Creek samples. 

Sample 

Electrical 
conductivity 
(mmhos /cm)  

Satura t ion  
(%) 

Total  
sulfur 

(%I  - 
0.02 
0 .03  
0 . 2 0  
0 .16  
0 .05 
0 .42  
0 .07  
0 .01  
0 .01  
0 .00 
0 .01  

Acid 
potential  

( m e q  ~ + / 1 0 0  g) 

T o n s  CaC03 /1 ,000  tons  
Neutralization Potent ia l  

potential  aciditya 

'positive values indicate excess CaC03 (basic overburden material) 



Table E-7.  Physical and chemical data on overburden, Peters Hills area samples. 

PH ECa 
Sample ( p s t e )  (r?..rnhoslcm) - -- 

Particlesize-analysis 
hydrometer (%) 

Sand Silt Clay 
-- - - 

LS 
SiL 
SiL 
C 
SCL 
L 
SiL 
S iL 
SiL 
S L  
SiL 
SiCL 
SL 
SiL 
LS-SL 
S L  
SiL 
SiL 
S L  
SiL 
SCL 
LS 
SiL 
S i  
SiCL 
SL 
L 
LS 
SiCL 
SiCL 
L 
LS 
SiCL 
SiL 

Arnmc"iu- acetate 
extractable cations 

(meqI100 g) 
Ca Me Na 

Base 
sat. 
(9) 

100.0 
80.7 
58.3 
56.3 
90.5 
63.9 
96.1 

100.0 
58.7 

100.0 
100.0 
76.6 

100.0 
88.1 
96.5 

100.0 
82.3 

100.0 
100.0 
93.5 
58.4 

100.0 
81.9 

100.0 
66.2 
95.3 
95.8 

100.0 
64.0 
92.7 

100.0 
100.0 
83.9 

100.0 

ESP' 

Total 
sulfur 
(%) - 

0.00 
0.00 
0.01 
0.02 
0.06 
0.06 
0.00 
0.01 
0.00 
0.00 
0.01 
0.00 
0.01 
0.00 
0.28 
0.00 
0.02 
0.00 
0.00 
0.00 
0.16 
0.00 
0.00 
0.01 
0.00 
0.12 
0.01 
0.01 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 

Acid 
potential 

(meq ~ + / 1 0 0  g) 

Tons CaC03/1,000 tons 
Neutralization Potential 

potential acidityf 



Table E-8. Chemical data on overburden, Saturday Creek samples. 

Sample 
-. 

SC4-1 
SC4-3 
SC4-5 
SC4-6 
SC4-8 
SC4-9 
SC4-11 
SC4-13 

Saturation 
(%) 

Saturation 
extract cations (meq/l) 

- 
OMC 

Ca M NY S A R ~  (%) - - - - -  
0.1 0.2 0.5 1.3 0.82 
1.7 1.2 0.5 0.4 10.27 
0.5 0.2 0.5 0.8 2.45 
3.9 3.4 0.6 0.3 11.55 
2.8 2.4 0.5 0.3 11.42 
0.7 0 .3  0.5 0.7 4.33 
1.0 0.6 0.5 0.6 5.08 
0.3 0.1 0.5 1.1 2.22 

Lime 
(%I - 
9.9 
9.2 

10.0 
8.8 
9.0 
9.8 

10.0 
10.0 

Extractable nutrients (ppm) S04-S -- 
N O ~  P K (%) - - - -  
3.3 14.68 90.2 <0.1 
3.6 22.21 80.7 <0.1 
3.0 37.43 70.3 <O.l 
2.1 10.80 86.1 <0.1 
4.1 15.57 89.9 <0.1 
3.6 13.86 96.9 <O.l 
3.0 19.08 81.4 <0.1 
2.9 6.85 148.5 <0.1 

Pyritic 
sulfur 

(%) 
.- 

0.01 
0.03 
0.02 
0.04 
0.03 
0.02 
0.04 
0.01 

Total 
sulfur 

(%) - 
0.04 
0.20 
0.04 
0.14 
0.12 
0.03 
0.04 
0.02 

Acid 
potential 

(meq H+/100 g) 

Tons CaC03/1,000 tons 
Neutralization Potential 

potential acidityd 

"Electrrcd conduot~v~l~. 
b~odturn adsorprlon ratio. 
C ~ r ~ a n l c  matter. 
d~orltlve valucs ~ n d ~ c a t e  ex:ess CaC03 (base overburden rnaterlal) 

Table E-9. Chemical data o f  overburden samples from Capps Glacier area. 

Tons CaCO~/1,000 tons 
PH ECa Saturation Organic matter Lime Extractable nutrients (ppm) Total sulfur Acid potential Neutralization Potential 

Sample (paste) (mmhosicm) (%) (%I (%) N o 3  P K (%) (meq ~ + / 1 0 0  g)  potential acidityb 

a ~ l e c t r i c a l  conduct iv i ty .  
b ~ o s i t i v e  va lues  indica te  excess  CaC03  (basic o v e r b u r d e n  material) .  



Table E-10. Suitabil i ty ratings for soils as sources o f  topsoiling material in EVyoming. From W y o m i n g  Depar tmen t  o f  
Enuironmental  Quali ty,  1980. 

Degree of soil suitability 
Parameter 

Conductivity (EC) 
(mmhos/cm @ 25OC) 

Saturation percentage 
(SP) (%I 

Texture class 
Sodium adsorption 

ratio (SAR) 
Calcium carbonate (%) 

Moist consistence 
Dry consistence 

Selenium (ppm) 
Boron (ppm) 
Molybdenum (pprn) 
NO3 ( P P ~ )  

Good Fair 

SL, L,  SiL, SCL CL, SiCL, SC, LS 
<6 6-10 

Low Moderate 
(none-slight) 15-30 
0-15 
Friable Loose, firm 
Loose, sof t  Slightly hard, 

hard 
< 2 
< 5 
< 5 
< 50  (suspect) 

Poor Unsuitable 

High 
>3 0 

Very firm 
Very hard 

> 2  
> 5 
> 5 
> 50 (suspect) 

Table E-11. Suspec t  levels in overburden material o f  Montana.  F r o m  Dolll lopf  and o thers ,  
1978, v. I ,  p .  43. 

Parameter Suspect level 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Conductance (EC) >4-6 mmhos/cm 
. . . . . . . . . . . . . . . . . . . . . . .  Sodium adsorption ratio (SAR) >12 

Mechanical analysis 
Clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  >40% 
Sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  >70% 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Saturation percentage. None 
pH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  >8.8-9.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PO4 None 
NO3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  > l o - 2 0 p p m  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Nli4 >lo-20  ppm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cd >0.1-1.0 ppm 

Cu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  > 4 0 p p m  
F e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Unknown 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pb pH <6, > lo-15  ppma 
pH <6, >15-20 pplnb 

Mn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  > 6 0 p p m  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hg >0.4-0.5 ppm 

Se . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  >2.0ppm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mo > 0 . 3 p p m  

B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  > 8 . 0 p p m  
Zn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  >30-40ppm 
Ni . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  >l .Oppma 

>5.0 ppm" 

a~~~~ extraction 
' ~ c i d  extraction 
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